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STUDIES ON THE MODE OF ACTION OF IRRADIATED 
ERGOSTEROL 


I Its uffcct on the Calcium, Phosphorus and Nitrogen 
Metabolism of Normal Individuals * * 

WALTER BAUER ALEXANDER MARBLE* and DOROTHY CLAFLIN 
(From the ileitcal Clinic of the Itassachuselti General Hospital, Boston) 

{Rccci\’cd for publication June 6 1931) 

INTRODUCTION 

The literature dealing v ith the development of irradiated ergosterol 
has been adequately reviewed in recent articles (1-13) Steenbock (14, 
15) and Hess (16) in 1924 observed that certain foods, notably oils, milk, 
and cereals, can be made to possess antirachitic properties by exposure to 
ultraviolet light It soon became evident that this acquired antirachitic 
property v\ as lodged in the sterol portion of these foods, and at first it was 
thought that this sterol was cholesterol (17, 18, 19) B> 1926 the inves- 
tigations of Rosenheim and Webster (20) and of Hess and Windaus (21) 
had demonstrated clearly that the antirachitic properties were taken on 
not by cholesterol itself, but by an accompanying sterol, ergosterol This 
sterol had been isolated years before by Tanret (22), who differentiated it 
from cholesterol and extracted it from ergot, yeast, mushrooms, and other 
fungi 

In the last five years irradiated ergosterol has been given extensive 
laboratory and clinical trial Neglecting the data which have been ac 
quired as to its chemistry , physical properties, preparation and activation, 
one may outline the present state of knowledge concerning it as follows 

(1) Irradiated ergosterol is definitely prophylactic and curative in 
ncketsand rachitic tetany (1,3, 8, 23) Coinadentwith clinical improve- 
ment, there occurs a rise in the v alues (if low) of serum calaum and phos- 
phorus, and a normal deposition of lime salts in the bones The efficacy 
of irradiated ergosterol in osteomalacia is practically as well established, 
but improvement is reported to take place more slowly than m nckets 
(24, 25) Its reported effectiveness in hastenmg the union of fractured 
bones (26, 27), in preventing dental caries (28), in increasing bodily resist- 

’ This IS publication No 4 of the Robert W Lo\ ett Memorial for the study 
of crippling disease, Harvard Medical School Boston, Massachusetts 

’ Part of the expense of this study was paid by the William W Wellington 
Memorial Research Fund 

* Medical Resident, Massachusetts General Hospital 
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ance against infections (2, 29), in preventing rickets m infants by admin- 
istration to pregnant and nursing mothers (30), and m other situations of 
less definite indication, remains to be settled by wider use and further 
study 

(2) Irradiated ergosterol is a very potent agent, the often quoted 
statement that 1 mgm has the antirachitic potency of about 200,000 
times that amount of standard cod liver oil is sufficiently accurate to serve 
as emphasis of this strength 

(3) Its administration in excessively large doses to animals (31-35) 
has resulted m anorexia, loss of weight and strength, often diarrhea, 
emaaation, and finally death At necropsy calcium deposits have been 
found in vanous tissues, particularly the stomach wall, heart muscle, 
blood vessels, kidneys, bladder, ureters, and lungs (35, 36, 37) Some 
workers have ascribed the toxic effects of irradiated ergosterol to con- 
tained impurities (38, 39, 40) 

Because no adequate explanation concerning the mode of action of 
irradiated ergosterol could be found m the literature previously men- 
tioned, studies were undertaken to determine the effect of irradiated 
ergosterol on the calcium and phosphorus metabolism of normal individ- 
uals and individuals with vanous disorders of calcium metabolism The 
data from these experiments and some observations on animals are here 
presented because they are of value in explainmg the modus operandi of 
this vitamin D substance A preliminary report of these studies has 
been published (58) 

We are mdebted to the Wmthrop Chemical Company of New York 
for supplying us with large quantities of "Vigantol” (Irradiated Ergos- 
terol-Winthropl for use in these expenmen ts The late F C Waldecker 
of the Wmthrop Chemical Company informed us that this was the same 
specially prepared product furnished to Shohl et al (37) who found that 
“0 0001 to 0 00025 mgm is suffiaent, when fed to rats on the Steenbock 
diet, to pr-ote’ct against nckets ” 

METHODS OF STUDY 

Patients were studied for varying lengths of time in the Metabolism 
Ward Each patient was kept on a constant fluid intake and on a diet 
vhich was accurately weighed, adequate in calonc and vitamm content 
and the ash of which was neutral m reaction The mineral content of 
each diet was carefully estimated and kept constant throughout each 
expenment The unne and stools were carefully collected in three-day 
periods and prepared for analysis The collecting of excreta was not 
begun until the patient had been on the speaal diet for at least ten days 
Thus the control penods represented the true excretions for the diet 
employed The routme of the ward and the laboratory has been out- 
lined in a pre\nous paper (41) Calcium was detemuned by the method 
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of riske (42), phosphorus, by the method of Fiske and Subbarow (43), 
carbon dioxide cxintent of blood, by that of Van Slykc (44), cholesterol, 
by tliat of Bloor, Pelican and Allen (45), and nitrogen, by the Kjeldahl 
method (46) 

EXPERIMENTS 

I Normal individuals receiving small doses of irradiated ergosterol 
Experiment I 

Mr R L , an apparently normal 19 year old Italian school boy, who 
volunteered for this investigation, was studied for 51 days while receiving 
a low calaum diet Dunng the last 33 days of this penod he was given 
*> mgni of irradiated ergosterol per day In Charts lA, W and Table I 
are presented the data 

The fecal calaum averaged 0 25 gram during the medication pericxl 
compared to an average of 0 20 gram dunng the control penods (see 
Table I) The axerage urinary calaum values for the same penods of 



Chart 1,4 GnArmc Representation of Calciuii Metabolism in 
Experiment I 

In this chart ns well as in all subsequent charts the intake is designated by 
+, the unnary excretion by single hatching and the fecal excretion by double 
cross hatching 


The effect of irradiated ergosierol on the calcium, phosphorus and nitrogen mctabolisin of normal individuals 

Average values in grams per three day period 
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Study were 0 41 gram and 0 38 gram rcspectixcly One is hardly justified 
in calling such slight changes an effect of the administration of irradiated 
ergosterol The serum calcium rose slightly 

The effect on the fecal phosphorus w as little greater than tliat on the 
fecal calcium The average for the control penods wus 0 38 gram as 
compared to 0 47 gram dunng the medication period The effect on the 
unnary phosphorus, however, was more marked, for it fell from an average 
of 2 23 grams in the control periods to 1 72 gram in the ergosterol penods 
These changes resulted in a shift from a negative phosphorus balance of 
0 21 gram to a positive balance of 0 21 gram There occurred no vana- 
tions in the serum phosphorus which could be attributed to irradiated 
ergosterol 



Chart IB PnosenoRus Metabolism in Experiment I 
Experiment II 

Mrs M A R , an apparently normal 27 year old widow , who volun- 
teered for this purpose, was studied for 39 days, while receivmg a high 
calcium diet Dunng the last 27 days of this penod she was given small 
doses of irradiated ergosterol Dunng the first 15 days she received 10 
mgm a day , for the remaining 12 days, 20 mgm The data from this case 
are shown in Charts 2^4, 2JB and Table 1 
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One notes that doses of 10 and 20 mgni of irradiated ergosterol pro- 
duced verj^ little more effect on the calcium metabolism than did 5 mgm 
in experiment I True, the fecal calcium rose from an average of 2 67 
grams during the control penods to 2 83 grams while receivmg 10 mgm 
a day and finally reached 3 01 grams durmg the penods in which 20 mgm 



Chart 2 A Calcium Metabolism in Experiment II 


a da> Mere given Instead of nsing as it had done in expenment I, the 
unnaiy calaum fell from an average of 0 75 gram to 0 61 gram per penod 
(see Table I) The serum calcium increased, reachmg its high point 5 
da\ s after the insbtution of irradiated ergosterol therapy It remained 
abo\ e the control values during the remainder of the study penod 








WALTER BAUER, ALEXANDER MARBLE AND DOROTIU CXAFLIN 


7 


The chaflgcs m the phosphorus metabolism i\ere less marked than the 
calaum metabolism changes The fecal phosphorus fell from an average 
of 1 25 gram in the control periods to 1 16 gram in the last three medica- 
tion penods The unnary phosphorus remained unchanged, tlie control 
value was 3 02 grams compared to an average value of 3 08 grams for the 
last three medication penods These changes are verj slight, yet the 
exact opposite of those noted in the phosphorus metabolism of expenment 
I The serum phosphorus a as unaffected 
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permitted to elapse betu^een this penod of study and the one made while 
the patient was on a high calcium intake From Charts 3A, 3B and 
Table I, one obseiw^es that during the first penod of irradiated ergosterol 
administration there w'as a marked nse m the fecal calcium and a fall in 
the unnary calcium In the subsequent penods, there w'^as a gradual 
fall in the fecal calaum Coincident with this fall m fecal calcium there 
was a gradual nse m the unnary calcium of approximately the same mag- 
nitude The average for the fecal calcium dunng the control period was 
0 28 gram compared to an average of 0 11 gram during the last three 
penods of therapy The unnary calcium averages for these same penods 
of study w^ere 0 25 gram and 0 46 gram There resulted a very slight 
increase in the already existing negative calcium balance (see Table I) 
The slight nse in serum calcium seen m Chart 3A probably falls wuthin 
the limits of physiological vanation, although it may conceivably repre- 
sent an effect of irradiated ergosterol 



Periods 

Chart 3A CALCiini Metabolism in Experiment III 

The effect on the phosphorus metabolism w^as the same as that on the 
calcium metabolism, although the changes w'ere less marked At first 
there w as a nse in the fecal phosphorus and a fall m the unnary phos- 
phorus Following this there resulted a gradual fall m the fecal phos- 
phorus The average fecal phosphorus excretion for the control penods 
v\as 0 49 gram, falling to an average of 0 31 gram dunng the last three 
penods of therapy The effect on the unnary phosphorus w as the oppo- 
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Site, It rose from 1 38 gram per three day period before irradiated ergos 
tcrol was administered to 1 SI gram dunng the last three periods of 
ergosterol medication Tlie average phosphorus balance was +0 23 
gram dunng the control penod (1 to 6) compared to + 0 10 gram in the 
medication period (7 to 14), yet the average for the last three penods (12 
to 14) M as + 0 25 gram The changes in the scrum phosphorus were not 
constant enough to be ascribed to the effect of ergosterol 



Experiment IV 

In Charts 4A, 4B and Table I are presented the calaum, phosphorus 
and nitrogen metabolism data from Mr R L for a penod of 78 days m 
which he t\ as given a high calaum diet Dunng penods 6 to 14 the dose 
of irradiated ergosterol was 30 mgm a day Dunng penods 15 to 23 it 
was reduced to 10 mgm a dav 

The calcium data confirm the observations made in experiment III 
(see Table I) Dunng the 9 penods (27 days) m which 30 mgm a day 
were given, the fecal calaum per three-day penod was 1 54 gram in con- 
trast to the value of 1 91 gram for the cmntrol penod Durmg this time 
the unnary calaum rose from a control value of 0 88 gram per three-day 
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period to 1 19 gram The positive calaum balance increased from 
+ 1 67 gram to + 1 73 gram With a reduction of the irradiated ergos- 
terol dosage to 10 mgm a day, the fecal calaum rose very slightly to 1 61 
gram, while the unnary calaum remained unchanged, resulting m a 



Periods 


Chart 4A CALCixry Metabolism in Experiment IV 

slight low enng of the total calaum balance to + 1 66 gram Following 
the cessation of irradiated ergosterol therapy (periods 24 to 26), there was 
an abrupt rise in the fecal calcium to 2 29 grams, a level even higher than 
that observed in the control periods The urinary calcium fell to 1 00 
gram during these same tw o periods The serum calcium show ed changes 



■WALTER BAUER, ALEXANDER MARBLE AND DOROTHY CLAFLIN 11 


which arc slight, but probably significant, as they parallel closely the 
changes m the calaum balance The serum calaum reached a high 
point of 10 8 mgm per 100 cc during the penod of large ergosterol 
dosage On reduction to 10 mgm a day, the serum calaum fluctuated 



between 9 9 and 10 3 mgm per 100 cc On discontinuance of the drug. 
It fell to 9 S mgm per 100 cc., the -value obtained during the control 
penod 

From Chart 45 and Table I one notes that the effect on the phos- 
phorus metabolism was not so marked Wffth the administration of 30 
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mgm of irradiated ergosterol per day, the fecal phosphorus fell to 0 93 
gram as contrasted with a value of 0 99 gram dunng the control penod 
This fall continued during the subsequent periods, 15 to 23, to 0 84 gram 
despite the fact that the dose of irradiated ergosterol was reduced 
WTien, however, the drug was discontinued, an abrupt and staking nse 
occurred The average fecal phosphorus during these periods, 24 to 26, 
was 1 25 gram The unnary phosphorus remained fairly constant dunng 
the control and medication periods, with perhaps a slight fall on discon- 
tinuance of the drug These changes were associated with an increase 
m the positive phosphorus balance The changes in the serum phos- 
phorus were very slight, although the vanations seemed to parallel those 
of the serum calaum 

During period 12 this patient had four or five stools a day for two days 
instead of his usual one or tv'^o At the time it was thought that this 
might possibly be a symptom of overdosage of irradiated ergosterol 
Although the same dose was continued for two more penods the bowel 
disturbance ceased 

III The effect oj irradiated ergosterol admimstraHon on the absorption of 
large doses of calcium lactate from the gastro-intestinal tract 

In order to obtain further information concerning the effect of irradi- 
ated ergosterol administration on the absorption of calaum from the 
gastro-intestinal tract of normal individuals, the following experiments 
vere performed on tu’^o normal individuals. Miss D C and Mr A M 
After fasting twelve hours, each subject was given 10 grams of calcium 
lactate in 250 cc of water, a control serum calcium having been obtained 
pnor to the ingestion of the calcium lactate Serum calcium determina- 
tions ere made every hour for the first three hours and at the end of the 
sixth, ninth, twelfth and twenty-fourth hours From Table II it will be 
noted that in each individual the serum calcium rose to a maximum height 
at the end of the third hour In the case of Miss D C this elevation was 
2 2 mgm and in Mr A M , 2 5 mgm above the fasting serum calcium 
\alue 

Irradiated ergosterol was then administered to each subject in doses 
of 30 mgm a day for t\\ elve days On the twelfth day the same experi- 
ment w as repeated Again the serum calaum reached a maximum at the 
end of the third hour However, in each subject this nse was approx- 
imately 1 mgm higher than it had been in the control experiments 

These expienments w ould seem to sen^e as evidence that the adminis- 
tration of irradiated ergosterol increases the absorption of calcium from 
the gastro-intestinal tract That the extra calcium absorbed is not nec- 
cssanh retained is strongly suggested by the experiments performed on 
Mr A M Dunng each expenment the unnary calaum excretion w^as 
determined for the first twelve hours following the ingestion of the cal- 
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TABLE II 

Shamng the effect oj the tn^cj/ion of 10 grama of calcium lactate on the serum calctum 
before and during the administration of irradiated ergostcrol 


Time 

MIoD a 

Mr A. M 

*Vnim cakJam 

1 

Serum otdam 

Before 

thcraD> 

DuHne * 
tberapr 

Before 

therapy 

Daring * 
therapy 


ntfut 

mjpn 

rwfw 

•tgm. 

Fastinp 

no 

11 6 

98 

10 6 


10 prams calcium lactate administered 

1 hour after 

11 8 

13 6 

11 1 

12J 

2 hours after 

12 2 

14J2 

12 0 

13 0 

3 hours after 

13 2 

14 6 

12J 

14 0 

6 hours after 

IIJ 

13 7 

11 2 

13 8 

9 hours after 

10 4 

120 

11 2 

12 2 

12 hours after 

10 6 

12 6 

10 7 

11 S 

24 hours after 

10 4 

10 4 

96 

1 

10 9 


* Each subject had received 30 rngm of irradiated erBosterol per day for 
twelve da>3 The second expenment w-as performed on the twelfth day of 
such thenp> 


cium lactate In the control experiment the amount of calaum excreted 
in tlic unne was 110 mgm , in the expenment performed during the ad- 
ministration of irradiated ergosterol, 195 mgm 

The experiments reported by Warkany (476) are sufficient proof that 
the administration of irradiated ergosterol increases the absorption of 
phosphorus as well as calaum He administered 0 5 gram of NajHPOi 
per kilogram of body weight and noted the subsequent nse m the serum 
phosphorus This same expenment was later repeated, irradiated ergos- 
terol having been administered daily in the intenm In these latter 
instances, the increase in the serum phosphorus was frequently twice as 
great as that which he had observed in the control expenments. 

DISCUSSION 

These observations on the calaum and phosphorus metabolism of 
normal individuals show quite clearly the metabolic effects which result 
from the daily admmistration of irradiated ergosterol to normal in- 
dividuals 

From the first two expenments it is seen that the effects of small doses 
of irradiated ergosterol (5 to 20 mgm ) when given to normal adults on 
either a high or low calaum diet were very slight and not constant. The 
fact that the changes were very slight, inconstant and opposite m nature 
in these two cases probably means that the vanations noted were not 
significant 
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From experiments III and IV one notes that the eflfect of 30 mgm of 
irradiated ergosterol on normal individuals is the same whether the cal- 
cium intake is high or low This dose exerts the same effect on both the 
calcium and phosphorus metabolism The resulting changes are a fall in the 
fecal calcium and phosphorus accompanied by a rise in the urinary cahium 
and phosphorus The calcium and phosphorus balances were little 
affected, a finding which is in accord with that of other workers (9) (48) 
(49) The decreased fecal calcium excretion might be interpreted as 
signifying either increased absorption from the gastro-intestmal tract or 
failure to re-excrete calcium into the bowel because of increased retention 
resulting from the administration of irradiated ergosterol ^ The latter 
theory seems unjustified because of the findings in expenment III. In 
this instance dunng the control period the calcium intake and the fecal 
calcium were identical, 0 28 gram The fecal calcium fell to 0 11 gram 
during the last three penods of irradiated ergosterol medication, although 
the intake remained unchanged If this decreased fecal excretion had 
been due to increased retention, one would not have expected the urinary 
excretion to increase as much as it did, from 0 25 gram to 0 39 gram 
That the increased calcium absorbed was without benefit to the body 
calcium stores was apparent because the negative calcium balance in- 
creased dunng the period of medication 

Thus It would seem that the administration of irradiated ergosterol 
to individuals with adequate body stores of calcium and phosphorus does 
not necessanly result in the retention of these elements in the body The 
increased amount of calaum and phosphorus absorbed is evidently re- 
excreted in the unne The fact that the unnary calcium and phosphorus 
rise as the fecal calcium and phosphorus fall is best mterpreted as signify- 
ing that increased retention does not occur m normal individuals as the 
result of irradiated ergosterol administration 

The difference m the effect of small and large doses of irradiated ergos- 
terol in normal individuals cannot be ascribed to individual vanation 
because the same patients were used in both types of experiments 

From our expenments it would appear that the action of irradiated 
ergosterol is an immediate one Beumer’s (50) and Hottinger’s (51) data 
are in accord v ith such a view Gyorgy (52) stated that it took ten to 
fourteen days to produce a demonstrable ergosterol effect In our ex- 
periments, the first effect noted (during the first period of its administra- 

* There is considerable evidence in the literature which proves quite con- 
clusiNch that calaum i\hich is absorbed from one portion of the bowel may be 
re-excreted into another portion of the gastro-intestinal tract (46, 47c, 48) 
Proof of this has been prewously published by one of us (\V B ) (57) In a 
group of normal subjects (46 three-da> penods in all) studied on an inadequate 
intake (0 33 gram per three-da> penod), the a\ erage fecal calaum excretion 
per three-da\ penod ■vsas found to be 0 60 gram In other words, the fecal 
calaum excretion v as 0 27 gram m excess of the intake 
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tion) ■tt’as a marked nse in the fecal calcium and a fall m the urinary cal- 
cium The fecal phosphorus and unnary phosphorus were similarly 
affected Following this immediate effect there then occurred a gradual 
fall in the fecal calcium and phosphorus and a gradual nse in the urinary 
calcium and phosphorus Hottinger (51) noted similar changes when 
irradiated ergosterol was administered and referred to it as the diphasic 
ergostcrol effect Both Hottinger (51) and Kroetz (53) thought that a 
state of acidosis occurred dunng the first pieriod of ergosterol administra- 
tion, because tliej observed dunng the first twenty four hours of such 
therapy an increased excretion of aad and a more aad unne. As the 
body returns to its normal state, the second phase sets m We are unable 
to offer any explanation for this diphasic ergosterol effect observed in 
normal indmduals 

In the normal indmduals receiving small doses of irradiated ergosterol, 
the scrum calaum wns very slightly raised, although this mav have been 
due in part in expenment II to tlie high calcium intake following a pre 
\ lous penod of study on a low calcium diet The serum phosphorus was 
unaffected in these two cases WTien doses of 30 mgm per day were 
administered, the changes in the serum calcium and phosphorus were 
slight, but probably represented an ergosterol effect Other workers 
(54) (55) ha%e demonstrated slight rises of both the serum calcium and 
phosphorus in normal individuals dunng irradiated ergosterol therapy, 
whereas Havard and Hoyle (56) failed to obtain such rises The serum 
calcium can be elevated to higher levels by the ingestion of 10 grams of 
calcium lactate dunng the administration of irradiated ergosterol than 
under normal conditions In any condition where calcium medication is 
required, the daily administration of irradiated ergosterol in conjunction 
with large doses of a calaum salt might be a better therapeutic procedure 
than the administration of a calaum salt alone 

No significant changes occurred in the nitrogen metabolism m any of 
the four experiments (see Chart I) The plasma cholesterol was deter- 
mined repeatedly in all these expenments, but because in no mstance was 
there any noteworthy change as a result of irradiated ergosterol adminis- 
tration, these cholesterol values are not included in the tables No un- 
toward symptoms w ere observed m any of the four individuals 

SUMMARY 

1 The administration of irradiated ergosterol in small doses to normal 
individuals produced no constant changes in ather the calaum or phos 
phorus metabolism 

2 The admmistration of irradiated ergosterol in doses of 30 mgm 
per day to normal individuals resulted m an immediate inaease of the 
fecal calaum and phosphorus exaction The unnary calaum and im- 
nary phosphorus wae decreased Followmg this there occurred a de- 



16 


IRRADIATED ERGOSTEROL I 


creased fecal calcium and phosphorus excretion and an increase in the 
urinar>' calcium and phosphorus excretion The calcium and phosphorus 
balances vere only slightly affected Following the cessation of ir- 
radiated ergosterol administration, the fecal calaum and phosphorus 
promptly rose and the urinar^’^ calcium and phosphorus fell slightly 

3 The serum calcium and phosphorus of normal individuals was only 
slightly affected by irradiated ergosterol therapy 

4 The nitrogen excretion was unaffected by irradiated ergosterol 
administration 

5 No constant changes in the blood plasma cholesterol were noted 
dunng the administration of irradiated ergosterol 

6 No untoward symptoms resulted from the administration of as 
much as 30 mgm of irradiated ergosterol per day 

BIBLIOGRAPHY 

^ 1 Hess, A F, and Lew is, J M,J Am Med Assoc , 1928, xci, 783 Clinical 
Expenence wnth Irradiated Ergosterol 

2 Pfannenstiel, \Y , Lancet, 1928, ii, 845 A Summary of Recent Work on 

‘ Vigantol (Irradiated Ergosterol) 

3 Karclitz, S , Am J Dis Child , 1928, xxxvi, 1108 Activated Ergosterol 

in the Treatment of Rickets 

4 G> orgx , P , Klin Wchnschr , 1927, vi, 580 Therapeutische Versuche mit 

bestrahltem Ergostenn 

5 G\orgy, P, Klin Wchnschr, 1929, viii, 684 Sind die bisher Qblichen 

Gabon ^on bestrahltem Ergostenn als tiberflQssig hoch zu bezeichnen? 

6 Wieland, E, Ztschr f Kinderh , 1929, xl\Ti, 643 Vier Jahre indirekte 

Lichttherapie (mit bestrahlter Fnsch- und Trockenmilch und ver- 
schiedenen Ergostennpraparaten) bei Rachitis an der Basler Kinder- 
klinik 

7 Blunt, K , and Cowan, R , J Am Med Assoc , 1929, xaii, 1301 Irradi- 

ated Foods and Irradiated Ergosterol 

S Hess, A F , Rickets Including Osteomalacia and Tetany Lea and 
Febiger, Philadelphia, 1929 

9 Brown, H B , and Shohl, A T,J Biol Chem , 1930, Ixxxvi, 245 Rickets 
in Rats XI The Alteration of Calaum and Phosphorus Metabolism 
of Normal and Ricketic Rats Produced by Irradiated Ergosterol 

10 Mouzon, J , Presse M6d , 1927, xxxv, 1459 LTngestion de Substances 

Irradides dans le Traitement et dans la Prevention du Rachitisme 
I’Ergostenne IiTadi6e 

11 Wilkes, E T , Follett, D , and Marples, E , Am J Dis Child , 1929, 

xxxMi, 483 The Treatment of Rickets with Irradiated Ergosterol 

12 Wiedow, MOnchen med Wchnschr, 1928, Ixxv, 1501 Zur Ergostenn- 

frage 

13 W urzinger, S , Klin W’chnschr , 1928, xii, 1859 Erfahrungen mit Vigantol 

bei der Bchandlung der Rachitis 

14 Steenbock, H , and Black, A , J Biol Chem , 1924, Ixi, 405 Fat-Soluble 

\ namin' X\ 1 1 The Induction of Grow th-Promoting and Calafying 
Properties in a Ration bj Exposure to Ultra-Violet Light 

15 Stcenbocl, H , and Nelson, M T, J Biol Chem , 1924, Ixii, 209 Fat- 

Soluble \ itamms XIX The Induction of Calafying Properties in a 
Ricl fs-Produang Ration b\ Radiant Energy 



■ft ALTER DAUER, ALE\A\'t>rR MARDI E AND DOROTin CLAELIN 17 

16 Hess, A F I Am J Dis Child , 1924, xxvin, 517 Cxpcnments on the 

Action of Light in Relation to Rickets 

17 Rosenheim, O , and Webster, T A Lancet, 1925, i, 1025 Rickets and 

Cholesterol 

18 Hess A F , Weinstock, M , and Hciman, F D , J Biol Chem , 1925, Ixiii, 

305 The Antirachitic Value of Irradiated Phytosterol and Cholesterol 
1 

19 Stecnbock, H , and Black, A , J Biol Chem , 1925, liat, 263 Fat Soluble 

Vitamins XXHI The Induction of Grow th Promoting and Calcify- 
ing Properties in Fats and Their Unsaponifiable Consbtuents by Ex 
posurc to Light. 

20 Rosenheim, 0 , and Webster, T A , Biochcm J , 1927, xxi, 389 The 

Parent Substance of Vitamin D 

21 Hess, A F , and Windaus, A , Proc. Soc. Exp Biol and Med , 1927, xxiv, 

461 The Development of Marked Activity in Ergosterol Following 
Ultra Violet Irradiation 

22 Tanret, C , Ann de Chim ct Phys , 1890, 63 , xx, 289 Sur un Nouveau 

Pnnape Imm 6 diat de I’Ergot de Seigle I Ergostirine Ann Chfm 
Ph>a 1908, Ss , xv, 313 Sur PErgostCnnc ct la rongiBt 6 nne 

23 Bakmn, H , Bakwin, R M , and Gottschall, G , Am J Dis Child , 1929, 

xxxvni, 311 Tetany in Infants a Comparison of Vanous Agents Used 
in Treatment 

24 Starlingcr, W , Deutsche med Wchnschr , 1927, hii, 1553 Ueber die Be- 

einflQssung dcs Vcrlaufes ciner schw eren Osteomalazie dutch Bestrabltcs 
Ergostenn 

25 Hettinger, A , Deutsche med Wchnschr 1927, Iiii, 1549 Untersuchungen 

Qber bcstrahltes Ergostenn Bcitrage zur direktcn und indirektcn Licht 
theraple dcr Rachitis beim Tier, beim Kind und am Erwachsenen 

26 Bors, E , Fortschr a d Geb d Rdntgcnstrahlcn, 1928, xxxvii, 104 

Vigantol und Frakturheilung 

27 Knoflach, 1 G , Wien klin Wchnschr , 1928, xli, 739 Bchandlung der 

KnochenbrOche mit bestrahltem Ergostenn 

28 Mellanby, M , and Patdson, C L , Brit Med J 1928, li, 1079 The 

Action of Vitamin D In Preventing the Spread and Promoting the Arrest 
of Canes in Children 

29 Maurer, E , and Hofmann, P , Arch f Hyg 1928 c,367 Untersuchungen 

Ober die antibaktenclle Rcsistenr cxpenmentell rachitischer Ratten 

30 Grant, A R , and Gocttsch, M , Am J Hyg , 1926, vn, 211 The Nutn- 

tional Requirements of Nursing Mothers Effect of a Defiaency of the 
Antirachitic Vitamin only in the Diet of the Mothers upon the De- 
velopment of Rickets in the Young 

31 Kreitmair, H , and Moll, T , MOnchen med Wchnschr , 1928, Ixxv, 637 

Hypervitaminose dutch grosse Dosen Vitamin D 

32 Harns, L J , and Stewart, C P , Biochem J , 1929, xxm, 206 The Effect 

of Excessive Doses of Irradiated Ergosterol on the Calaum and Phos- 
phorus Content of the Blood 

33 Klein, I J,J Am Med Assoc., 1929, xcu, 621 Effects of Massive Doses 

of Irradiated Ergosterol 

34 Pfannenstiel, W, MOnchen med Wchnschr, 1928, Ixxv, 1113 Weitere 

Beobachtungen Ober Wirkungen bestrahlten Ergostenns im Tierversuch 

35 HOckel, R , and Wenzel, H , Arch f exper Path u Pharmakol , 1929, 

cxli, 292 Ober sklerotlsche Organveranderungen, insonderheit der 
Artenen IV Mitteilung Ober die Wirkung des bestrahlten Ergos- 
tenns auf die NierengefSsse von Ifaninchen 


18 


IRRADLA.TED ERGOSTEROL I 


36 Smith, M I , and El\o\e, E, Pub Health Rep, 1929, \liv, 1245 The 

Action of Irradiated Ergosterol in the Rabbit 

37 Shohl, A T , Goldblatt, H , and Brown, H B , J Clin Invest , 1930, vm, 

505 The Pathological Effects upon Rats of Excess Irradiated Ergos- 
terol 

38 Bamberger, P , Deutsche med Wchnschr , 1929, Iv, 399 Zur Frage der 

Vigantolschaden 

39 Yon Wendt, G , Klin Wchnschr , 1930, ix, 166 1st das D-Vitamin eine 

cinheitliche Substanz? 

40 \\ indaus, A , Forschungen und Fortschntte, 1930, vi, 209 Ergosterm and 

Vitamin D 

41 Bauer, W , and Aub, J C , J Am Dietet Assoc , 1927, in, 106 Studies of 

Inorganic Salt Metabolism I The Ward Routine and Methods 

42 Fiske, C H , Unpublished Method For outline see Blackfan, K D , and 

Hamilton, B , Bull Johns Hopkins Hosp , 1927, xli, 322 A Study of the 
Inorganic Constituents of the Serum m Children with Acute Nephntis 

43 Fiske, C H , and Subbarow, Y , J Biol Chem , 1925, Ixvi, 375 The 

Colorimetric Determination of Phosphorus 

44 Van Slyke, D D , and Neill, J M , J Biol Chem , 1924, Ixi, 523 The 

Determination of Gases in Blood and Other Solutions by Vacuum Ex- 
traction and Manometnc Measurement I 

45 Bloor, W R , Pelkan, K F , and Allen, D M , J Biol Chem , 1922, In, 191 

Determination of Fatty Aads (and Cholesterol) in Small Amounts of 
Blood Plasma 

46 Hawk, P B , and Bergeim, 0 , Practical Physiological Chemistry Phila- 

delphia, P Blakiston’s Son and Co , 1926, 9th ed , p 711 
47a Warkany, J , Klin Wchnschr , 1930, ix, 63 Uber die Wirkungsweise des 
bestrahlten Ergostenns 

b Warkany, J , Ztschr f Kinderh , 1928, xlvi, 1 Die phosphatdmische 
Kurve des normalen und des rachitischen Organismus Ibid , 1928, 
xlvi, 916 

48 Light, R F , Miller, G , and Frey, C N , J Biol Chem , 1929, Ixxxiv, 487 

Studies on the Effects of Overdosage of Vitamin D 

49 Heubner, W , and Holtz, F , Am J Physiol , 1929, xc, 387 Untersuch- 

ungen flber bestrahltes Ergosterm 

50 Beumer, H , Monatschr f Kinderh , 1928, xxxviii, 44 Das antirachitische 

Pnnzip 

51 Hottinger, A , Ztschr f Kinderh , 1929, xlvii, 341 Untersuchungen fiber 

bestrahltes Ergostenn V Stoffwechselversuche zur Ermittlung der 
biologischen Wffrkungsweise 

52 G> orgy, P , Khn Wchnschr , 1930, ix, 102 Die besondere Stellung der 

Subepiphysfiren Knochenschicht im Kalkstoffwechsel als eines leicht 
mobilisierbaren Kalkspeichers 

53 Kroetz, C, Klin Wchnschr, 1927, vi, 1171 Uber Wirkungen des be- 

strahlten Ergostenns auf den gesunden Erwachsenen 

54 Lasch, F , Klin Wchnschr , 1928, vii, 2148 Uber den Einfluss von Be- 

strahltem Ergostenn (\ffgantol) auf den Cholestenn- und Calciumgehalt 
des Blutserums beim Erwachsenen 

55 Kaminskj, J , and Da\ndson, D L , Am Rev Tuberc , 1930, xxii, 48 A 

Note on the Effect of the Oral Administration of Irradiated Ergosterol on 
the Calaum ConcentraUon of the Blood Serum in Pulmonary Tubercu- 
losis 



ALTER BAUER, ALE\A\DER MARBLE A^D DOROTHY CL-AFLIN 19 

56 Havard, R C,andHo>lc,J C , Biochcra J , 1928, •ctii, 713 Vitamin Dm 

Adults Its Effect on Calaum and Inorganic Phosphate of Blood 

57 Bauer, \V, Albnght, F and Aub, J C , J Chn Intest, 1929, \u, 75 

Studies of Calaum and Phosphorus Metabolism II The Calaum 
Excretion of Normal Induiduab on a Low Calaum Diet, also Data on 
a Case of Pregnancy 

^58 Bauer, W , and Marble, A , Ncn England J Med , 1929, ca, 809 Pre- 
liminary Note on the Mode of Action of Irradiated Ergosterol 




STUDIES ON THE MODE OF ACTION OF IRRADIATED 
ERGOSTCROL 


II Its Effect on the Calcium and Phosphorus Metabolisii of 

iNOmOUALS WTTH CALCIUM DEFICIENCY DISEASES ’ * 

nr WALTER BAUER and ALEXANDER MARBLE* 

( From the hfedicat Chmc of the ifassachusetls General Uospttal Boston) 

(Rcccu’cd for publication June 6, 1931) 

INTRODUCTION 

In the first paper of this senes (1), tte reported that the administration 
of adequate doses of irradiated ergosterol to normal individuals resulted 
in definite alterations in the fecal and unnary excretion of calcium and 
phosphorus These changes consisted in a gradual fall in the fecal excre- 
tion and a gradual nse in the unnary excretion of both elements with little 
effect on the total balances of cither These findings are best interpreted 
as signifying increased absorption from the gastro intestinal tract with- 
out an accompanying increased body retention 

The fact that irradiated ergosterol acts as a curati\ e agent m calaum 
deficiency diseases such as nckets and osteomalaaa indicates that an 
increased retention of calaum and phosphorus must take place when it is 
administered to individuals with such diseases In order to determine 
what changes occur m the calcium and phosphorus metabolism of indi- 
viduals with calaum defiaency diseases when irradiated ergosterol is 
administered, two such patients were studied in an effort to ascertain 
whether the action of irradiated ergosterol w'as m any way different from 
that which we had observed in normal individuals 

JIETHODS OF STUDY 

These two patients were studied under the same conditions as those 
previously reported (1) The diets employed were the same except for 
calaum content The collection and preparation of the excreta and the 
methods of analysis used were identical with those desenbed m the first 
paper of this senes (1) 


* This 13 pubhcation No 5 of the Robert W Lovett Memonal for the 
study of cnppling disease, Harvard Medical School, Boston, Massachusetts 

* Part of the expense of this investigation was paid by the William W 
Wellington Memonal Research Fund 

* Medical Resident, Massachusetts General Hospital 
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EXPERIMENTS 

I The effects of gradually increasing doses of irradiated ergosterol on a 

patient with osteoporosis 

Experiment I 

Mrs M B , a 54 year old Amencan widow, was admitted to the hos- 
pital on Apnl 9, 1929, because of disabling pain in the back of two months' 
duration X-ray examination showed a compression fracture of the 
vertebrae and generalized rarefaction of all her bones Interestmgly, her 
diet for the preceding six years had been almost an exact duplicate of the 
low calaum diet used m our previous calcium studies (2) (approximately 
0 1 gram of calaum per day) Its vitamin content was very low Other 
laboratory and clinical observations revealed no noteworthy abnormali- 
ties A gastnc analysis showed a normal amount of free hydrochlonc 
aad The only treatment employed prior to her transfer to the Metab- 
olism Ward was that of hyperextension on a smtable frame She was 
kept on a low calaum diet for six days, then on a high calaum diet for 
eighteen days, and finally on a high calcium diet plus irradiated ergos- 
terol for thirty-six days Her average weight was about 59 kgm The 
metabolism data are presented in Charts lA, \B and Table I 

One notes that the calaum excretion on a low calaum diet, in 
penods 1 and 2, was very similar to that observed in normal individuals 
(2) The presence of normal serum calaum and phosphorus values and 
the finding of a normal excretion of calcium and phosphorus on a low 
calcium diet proved that the osteoporosis was not due to increased para- 
thyroid activity (3-11) 

Dunng penods 3 to 8 on a high calcium diet (see Table I), the average 
unnary and fecal calcium values were 0 67 gram and 2 56 grams, respec- 
tively, ^Mth a positive balance of 0 70 gram Following the admmistra- 
tion of 5 mgm of irradiated ergosterol a day dunng penods 9 to 17, in- 
clusi\ e, the unnary calcium rose to 0 92 gram and the fecal calaum fell 
to 2 49 grams, thus leaving the calcium balance -f- 0 50 gram (Unfor- 
tunately the fecal extracts dunng penods 16 and 17 were lost ) Dunng 
penod 18, 8 mgm of ergosterol per day were given The unnary excre- 
tion remamed the same, but the fecal excretion fell to 1 48 gram and the 
balance rose to -1- 1 52 gram (These values are not so reliable as those 
with which they are compared, since they represent only one three-day 
penod ) In the last tw o penods, 19 and 20, dunng which 20 mgm of 
irradiated ergosterol per day w^ere given, the unnary calcium rose to 
-r 1 08 gram, the fecal calaum to 1 69 gram and the total balance was 
-f- 1 15 gram Hence irradiated ergosterol admmistration caused a 
consistent deaease m the fecal calcium and an inaease of the unnary 
calcium to a smaller degree, w ith a resulting increase of the positive cal- 
aum balance 
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This same elTect is equally ncll shown in the case of phosphorus (see 
Table I) During the control periods the unnary phosphorus was 2 41 
grams, during the subsequent periods in which irradiated ergosterol was 
given, It was 2 64 grams m periods 9 to 17, 2 54 grams in period 18, and 
2 49 grams in periods 19 and 20 The fecal phosphorus was 1 71 gram 



dunng the control period, this fell steadily to 1 44 gram in periods 9 to 17, 
1 29 gram in penod 18 and 1 12 gram in penods 19 and 20 That most of 
this phosphorus was retained in the body is evidenced by the fact that the 
increcises in the unnary values were much smaller than the decreases in 
the fecal values This is further borne out by the fact that the total 
phosphorus balances gradually mcreased from + 0 50 gram m the control 
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penods to + 0 54 gram m penods 9 to 17, + 0 79 gram in penod 18 and 
+ 1 01 gram in penods 19 and 20 

Dunng the time of observ^ation in the hospital, the serum calaum was 
always quite normal One month after discharge a value of 11 1 mgm 
per 100 cc was obtained, which may possibly have been an ergosterol 
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effect, since the patient remained on a high calcium diet and continued to 
take irradiated ergosterol In the serum phosphorus there occurred 
changes w hich ha^ e not been seen in other patients Under the influence 
of irradiated ergosterol, the control values of 4 42 and 4 79 mgm per 100 
cc rose to a high point of 5 44 mgm per 100 cc tr\\ o weeks after the drug 
w as started 
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The blood plasma cholesterol showed no striking change, although too 
fe\\ determinations were made to warrant conclusions 

Dunng this period of study, the nitrogen balances gradually increased, 
from a control value of —0 10 gram in penods 3 to 8 to + 2 0 grams in 
penods 9 to 17 and +5 7 grams m penods 19 and 20 Dunng this penod 
of time, the patient gradually gained weight 

Clinically, marked improvement took place The combination of 
prolonged treatment in hyperextension with a high calcium diet and ir- 
radiated ergosterol and subsequent braces relieved her symptoms entirely 
She has been free from pain for over two years She indulges in normal 
activity for a woman of her age 

From this study it is evident that a high calcium diet plus irradiated 
ergosterol produced an effect on the calcium and phosphorus metabolism 
similar to that which had been noted m normal individuals In this case, 
however, the decreased fecal excretion was not accompanied by a com- 
parable nse in the urinary excretion and as a consequence there occurred 
a marked increase in both the calcium and phosphorus positive balances 
This might be interpreted as meaning that in an abnormal subject the 
extra calcium and phosphorus absorbed is retained for body needs , in the 
normal individual, because there is no need for calaum and phosphorus 
storage, the calcium and phosphorus is re-excreted m the urine It is 
interesting that the positive balances increased as the dose of ergosterol 
wzs increased 

The retention of phosphorus in the body was more staking than was 
the retention of calaum This mav perhaps be explamed on the assump- 
tion that the additional phosphorus was used by the body for the build- 
ing of active tissues , this is suggested by the accompanymg inaease in the 
nitrogen balance and the slight gam in body weight 

II The effect of irradiated ergosterol administration on a patient vnth 
chronic diarrhea and associated tetany 

Experiment II 

Mrs de la B , a 27 year old, white, mamed secretary, had been pre- 
viously studied in this clinic A full case report will be published else- 
where It IS suffiaent to state that for about four years she had suffered 
from almost constant diarrhea and tetany No therapeutic measure had 
been of definite or lasting value 

Further study revealed that this patient had a persistently low serum 
calaum (4 5 mgm per 100 cc ) and a serum phosphorus of 1 8 to 2 0 mgm 
per 100 cc Her bones show ed deaeased density on x-ray examination 
The diarrhea was constant A gastric analysis proved that she had a 
complete absence of free hydrochloric aad, uninfluenced by subcutaneous 
histamine injection Analj sis of her stools revealed an abnormally high 
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fat content (at times 30 per cent of the wet stool) Examination of the 
pancreatic ]uicc showed an abnormally low lipolytic enjyme activity 
The features of this case wliicli make it possible to group it as one of 
tetan> of tlie infantile type are 

1 Low scrum calaum 

2 Low serum phosphorus (m direct contradisDnction to the parathy- 
roid t>'pc of tetany, where the scrum phosphorus is high) 

3 Decreased bone densitj (in contradistinction to parathyroid tetany 
where the bone density is normal) 

4 Absence of cataracts (so common in parathyroid tetany) The 
immediate cause of the tetany was thought to be calcium and phosphorus 
defiaency secondary to faulty absorption Absence of free hydrochlonc 
acid (12) (13), increased fat content of the stools (14) (IS) (16) and diar- 
rhea (14) (17) are three factors known to interfere with calaum absorp- 
tion from the intestinal tract 

In Charts 2A and Table I arc presented the data concerning the cal- 
aum metabolism Dunng the sixty six days of study, penods 24 to 45 
inclusn e, she received a high calcium diet, 3 39 grams per three-day pe- 
nod Her fat intake remained constant throughout this period of study 

Dunng penod 24 the fecal calaum excretion was 3 74 grams, or 0 37 
gram in excess of that ingested, 3 39 grams The fact that she not only 
failed to retain any of the ingested calaum but actually excreted calaum 
from her body stores is further proof that the tetany was due to failure 
to absorb calaum The urinary excretion was abnormally low and re- 
mained so throughout the penod of observation Dunng penods 25 to 28 
inclusive, she received 18 ce of 10 per cent hydroclilonc aad a day This 
therapy caused a slight nse in the scrum calaum and suffiaent reduction 
in the fecal calaum excretion to enable her to remain in a slightly positixe 
calcium balance, but was without effect on the diarrhea With the in- 
stitution of irradiated ergosterol therapy in penod 29 in doses of 10 mgm 
per day, there was a preapitous fall in the fecal calaum dunng the first 
penod of its administration The lowest fecal calaum value was ob- 
served in penod 33 In this period it was 0 16 gram compared to 3 74 
grams in the control penod This represents a decrease of 95,7 per cent 

Beginnmg with the first penod of ergosterol therapy, the serum cal- 
aum gradually rose to 8 2 mgm per 100 cc. (penod 33) It remained 
about 8 mgm per 100 cc. throughout her stay in the hospital, and not until 
3J months later did it increase to 9 0 and 9 5 mgm per 100 cc The fact 
that the serum calaum was slow to reach a normal value was interpreted 
as being due to an attempt to replenish the body calaum stores 

The dilute hydrochlonc acid was discontinued m penod 40 for the re- 
mainder of the study penod without mfluenang the total calaum metab- 
olism From penod 29 through penod 45 the patient reraamed in marked 
positive calaum balance. 
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The changes u hich occurred in the phosphorus metabolism (see Chart 
2B and Table I) \\ ere quite as stnlnng as those m the calaum metabolism 
During the one control penod, the patient was just in balance (+ 0 02 
gram) although the phosphorus intake was more than adequate for a 



Periods 


Chart 2 A Calcium Metabolism ix Experiment II 

normal person (4 82 grams) When hydrochloric acid was given (periods 
25 to 28 inclusi\e), the a\erage phosphorus balance was + 0 38 gram 
\\ ith the institution of irradiated ergosterol therapy m period 29, the 
fecal phosphorus fell from 1 82 gram m period 28 to 0 41 gram m penod 
29 and the po5iti\e phosphorus balance was greatly increased Except 
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for minor vanabons, this benefiaal effect was maintained throughout 
the penod of study The discontmuance of the hydrochlonc aad in 
period 40 was without effect on the changes induced by irradiated ergos- 
terol 
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Chart 2B Phosphorus Mbtadolisu in Experiment II 

One notes that the unnary phosphorus was high during the control 
penod (2 11 grams) and increased during the penods of hydrochlonc 
aad administration The findmg of a high unnary phosphorus excretion 
at a time when the serum phosphorus is low (2 mgm per 100 cc.) signifies 
that the often quoted phosphorus renal threshold of 2 8 mgm (18) (19) 
IS not confirmed The high unnary phosphorus excretion Implies that 
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there an adequate absorption from the gastro-intestinal tract of 
phosphorus, but, as this was not accompanied by calcium, it could not be 
used for bone deposition and therefore was re-excreted in the urme 
The urinary phosphorus remained almost constant dunng the fifty-one 
days of ergosterol medication Therefore, one might infer that the extra 
phosphorus absorbed was employed for bone deposition 

The serum phosphorus at the beginning of the experiment was 1 95 
mgm per 100 cc This value was only slightly and temporarily raised 
by the giving of hydrochlonc acid With the beginning of irradiated 
ergosterol therapy, it began to nse, but did so very slowly and only after 
7 \ months had it reached a normal value of 4 30 mgm per 100 cc 

In Table II, the ratios, calcium to phosphorus retained, are sum- 
manzed 

TABLE 11 


Mrs dela B Calcium and phosphorus balances and their ratio per period 


Period 

Calcium 

balance 

Phosphorus 

balance 

Ratio 

Ca P 

Therapy 


grams 

grams 




24 

-0 37 

+0 02 

— 


Control period 

25 

+0 56 

+0 48 

1 17 

1 

Hydrochlonc acid 

26 

+0 63 

+0 79 

0 80 

1 

Hydrochlonc acid 

27 

+0 79 

+0 55 

144 

1 

Hydrochlonc acid 

28 

+0 38 

-0 51 

— 


Hydrochlonc aad 

29 

+2 23 

+ 1 38 

1 62 

1 

Irradiated ergosterol 

30 

+2 72 

+ 137 

1 99 

1 

Irradiated ergosterol 

31 

+2 81 

+ 1 61 

1 75 

1 

Irradiated ergosterol 

32 

+2 82 

+ 1 51 

1 87 

1 

Irradiated ergosterol 

33 

+3 21 

+ 165 

195 

1 

Irradiated ergosterol 

34 

+2 66 

+ 1 64 

1 62 

1 

Irradiated ergosterol 

35 

+2 19 

+ 1 48 

148 

1 

Irradiated ergosterol 


During the administration of irradiated ergosterol, calcium and phos- 
phorus were retained in proportions approaching very closely those found 
in calcium phosphate (Ca P 1 93 1) Particularly was this true in 
periods 30 to 33 inclusive In these penods the Ca P ratio vaned from 
1 75 1 to 1 99 1 contrasted with values of 1 17 1 to 1 44 1 in the 
penods before ergosterol was given These facts plus the knowledge that 
the nitrogen balance and the body weight were not affected signify that 
little of the retained phosphorus was used m the formation of active 
tissue 

A slight lov\ enng of the blood cholesterol was noted 
Thus it Mould appear that the tetany m this mdividual was due to 
long standing calaum and phosphorus defiaency because of faulty ab- 
sorption This difficulty of absorption was much greater in the case of 
calcium than of phosphorus The interference with absorption may have 
been due to the excess of fat in the stools, the achlorhydna, the diarrhea, 
or to A itamm D defiaencj 
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Certain ■workers have attributed the calaum deficiency occurring in 
patients i\ ith fatty diarrhea and associated tetany to the excess of hpotds 
in the stool (14) (IS) (16) Teller (16) inferred that because of the excess 
fat excretion, calaum was bound as an insoluble soap and wras therefore 
excreted He contended that phosphorus was absorbed in the normal 
manner but could not be retained for calaum deposition without calaum 
and tlierefore was re-excreted in the urine However, other investigators 
(18) (20) have shown that the formation of an insoluble soap is not the 
sole explanation for the inability to absorb calaum 

The restnction of fat seemed indicated m our case because of the low 
lipolytic ferment activity in the duodenal juice Howc\er, restnction 
of the fat intake alone did not affect the absorption of ather calaum or 
phosphorus This is well shown in Table III, which represents penods of 


TABLE HI 

ifrt iclaB Addtltonal data on pkotphorus and calcium balance and fat intake 


Period 

Pbofphonii 

Caldum 

Dritd 

fecci 

Fat 

Intake 

Outpat 

Lnuke 


Output 

Intake 

Bolnoct 

l&l 


Total 

Urine 

Petii 

ToUl 


roms 

fra Mi 

gram 

grcmt 

grcmt 

front 

pomj^ 

trams 

front 

front 

front 

front 

7 

1 19 

1^ 

244 

3Jl 

+a87 







328 

8 

1 26 

0.84 

2 10 

3 48 

+ 148 

04)1 

tL51 

042 

246 

+174 

181 

20S 

9 

066 

176 

2.42 

3 48 

+ 14)6 

001 

242 

243 

246 

+0 03 

39 

165 

10 


088 

24» 

3J7 

+ 149 

003 

104 

1 07 

246 

+1 19 

104 

187 

It 

1 42 

2 IS 

3J5 

3J1 

-044 

04)2 

2 80 

242 

2 26 

-046 

93 

198 

24 

2 11 

2A9 

4.80 

4.82 

+04)2 

04)2 

3 74 

3 76 

349 

-047 


123 


study not presented m Charts 2A, 2B or Table I It is obnous that the 
absorption of neither calaum nor phosphorus seemed to bear any relation 
to the fat intake These findings, plus the fact that Linder emd Hams 
(18) obtained stnking improvement m two out of three similar cases be- 
fore any dietary restncbons were employed, would allow one to question 
the statement that the restnction of fat is of pnme importance m the 
treatment of this syndrome (18) 

The administration of dilute hydrochlonc aad while on a low fat m- 
take caused only a very slight pKjsitive calaum and phosphorus balance 
and was ivithout effect on the diarrhea 

However, the admmistration of small doses of irradiated ergosterol 
acted as a speafic, produced a marked fall in the fecal calaum and phos- 
phorus with a marked inaease of the calaum and phosphorus balances 
The unnary calaum remamed unchanged The failure to obtain an in- 
crease m the unnary calaum was due to the fact that the serum calaum 
never approached the renal threshold level for calaum (19) 

The serum phosphorus rose much later than the serum calaum, re- 
quirmg 74 months to reach the normal value Lmder and Hams (18) 
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concluded that their cases were due to vitamin D defiaency and accepted 
Bergeim’s theory (21) as to the mode of action of irradiated ergosterol. 
Bergeim stated that vitamin D, promoting the breakdoivn of organic 
tissue phosphorus, causes the serum phosphorus to rise, the increased 
absorption and deposition of calcium bemg secondary to this process 
Such an explanation is not in agreement with the findings in this case, 
because the serum phosphorus did not nse above 2 8 mgm during the 
fift>'-one days of study Furthermore, there was no such mcrease in the 
nitrogen excretion as might be expected from the breakdown of organic 
tissue 

The findings in our case show that the calcium and phosphorus de- 
fiaency resulted from faulty absorption due to vitamin D deficiency We 
are unable to state definitely that the vitamin D defiaency was secondary 
to the fatty diarrhea It is conceivable that most of the vitamm D-con- 
taining sterols were excreted with the excess fat Such an hypothesis was 
put forth by Linder and Hams (18) It was thought that the fatty 
diarrhea in this case was probably due to decreased external pancreatic 
seaetion, as evidenced by the low lipolytic ferment activity m the 
duodenal juice 

COMilENT 

Comparison of these data with those obtained m the study of normal 
individuals reveals that in all instances the administration of irradiated 
ergosterol caused an increased absorption of calcium and phosphorus 
from the gastro-intestmal tract However, in the case of individuals 
w ith calcium and phosphorus deficiency diseases the absorption of calcium 
and phosphorus was greater, the accompanying nse in the unnary calcium 
and phosphorus excretions was less and, consequently, the retention of 
calaum and phosphorus was definitely maeased 

The observed differences in the calcium and phosphorus metabolism 
of normal mdividuals and individuals with calcium and phosphorus 
deficiency diseases following the administration of irradiated ergosterol 
are easily explained if one accepts the division of disorders of calcium and 
phosphorus metabolism recently proposed by Albnght, Bauer, Cockrill 
and Ellsworth (22) These authors assumed that normally the circulat- 
ing fluid contains all the calcium phosphate it can hold at that particular 
time and that calafication is somewhat analogous to the precipitation of a 
calaum salt due to some local change in the environment which favors 
preapitation They dmded all disorders of calaum and phosphorus 
metabolism mto three fundamental groups, viz 

1 Conditions in which the body fluids are defiaent compared with 
normals in respect to calaum phosphate and as a result there is a failure of 
deposition of calaum phosphate m the osteoid matrix of bone, as in the 
case of nckets or osteomalaaa 



WALTTR DAUI R ANT3 ALFXANDFR M VRBLC 


33 


2 Conditions in winch the body fluids contain more than the normal 
amount of calcium phosphate In such conditions calcium phosphate is 
deposited in tissues other than bone, osteoclastic tumors and irradiated 
ergostcrol poisoning being e\amplcs of this group 

3 Conditions in which the body fluids contain the normal amount of 
calcium phosphate, but the relation of calcium to phosphorus is abnormal, 
as m hjpo and In perparathj roidism 

With these facts m mind it is easy to understand w hy non to\ic doses of 
irradiated ergosterol when administered to normal mdniduals do not 
produce greater cliangps in tlie calcium or phosphorus metabolism In 
normal indn idiials the body stores of calcium and phosphorus, the bones, 
are adequate and the circulating fluid alrcad> contains all tlie calcium 
phosphate it can hold at that particular time Therefore, the additional 
calcium and phosphorus absorbed from the gastro intestinal tract is 
rapidly excreted in an attempt to maintain the normal relation of calcium 
to phosphorus in the serum 

The patient w ith osteoporosis was similar to the normals in respect to 
the relation of calcium to phosphorus in the scrum, but the body stores of 
calcium and phosphorus were grcatlv depleted Evidentlv the lack of 
calcium phosphate in the bones was suflicientK great to allow' more dep 
osition of calcium phosphate than would normally take place, and in con- 
sequence, the amount of calcium and phosphorus which had to be ex- 
creted in the urine in order to maintain a normal serum calcium phos- 
phate concentration was less than that observed in normal indixaduals 
Therefore, the additional calaum and phosphorus absorbed because of 
the administration of irradiated ergosterol had onlv a slight effect on the 
serum calcium and phosphorus 

In patients such as tlie one studied in expenment II, the body fluids 
were deficient in respect to calaum phosphate and therefore deposition of 
calcium phosphate in the bones did not take place In this patient the 
additional calaum and phosphorus absorbed follow ing the administration 
of ergosterol was employed in restoring the normal relation of calaum to 
phosphorus in the scrum, thus allowing calaum phosphate deposition in 
the bones to occur The existing calcium phosphate deficiency m the 
body fluids and bones was so great that there was no need of increased 
unnary calaum and phosphorus excretion in order to maintain the normal 
relations as in the case of normal individuals or the patient with osteopo- 
rosis 

These findings make it clear why irradiated ergosterol therapy pro 
duces such beneficial results in calcium deficiency diseases such as rickets 
and osteomalacia These are diseases in which the calaum defiaency is 
due to failure to absorb suffiaent calcium and phosphorus from the gastro 
intestinal tract 

3 



IRRADIATED ERGOSTEROL II 


S4 


CONCLUSIONS 

1 A case of osteoporosis was greatly improved by the administration 
of irradiated ergosterol in conjunction with a high calcium diet 

2 A case of osteomalacia w ith tetany secondary to faulty absorption 
showed immediate and lasting benefit from irradiated ergosterol Ir- 
radiated ergosterol acts as a specific drug in this type of calcium phosphate 
disorder 

3 No untoward symptoms w'ere observed in either case as the result 
of such therapy 

4 The action of irradiated ergosterol is the same in normal individuals 
as in individuals wuth calcium deficiency diseases, namely to increase 
absorption of calcium and phosphorus from the gastro-mtestinal tract 
If there exists a calcium phosphate deficiency of the serum as w'^ell as the 
bones, the additional calaum and phosphorus absorbed is retained in order 
to establish a normal relationship of calcium and phosphorus in the serum 
and thus allow the deposition of calcium phosphate in the bones In 
calcium deficiencv diseases w'here there is a calcium phosphate deficiency 
of the bones onl> , the consequent retention is not so marked, whereas 
m normal individuals little or no retention takes place because the serum 
and bones are both normal in respect to calcium phosphate 

5 The dose of irradiated ergosterol necessary to produce such changes 
in the calcium and phosphorus metabolism of individuals wnth calcium 
deficiency diseases is much smaller than the amount required to produce 
changes m the calcium and phosphorus metabolism of normal individuals 
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STUDIES ON THE MODE OF ACTION OT IRRADIATED 
ERGOSTCROL 

III The r bn cr or Irradi\tld Ercostfrol ADMi\isTR,mo\ on the 

Form \tion of BoNcTRvnrcuLVE ’ 

D\ WAITER HAUFR and AIKXANDER MARBLE’ 

{From the Medical dime of the Ifassaehiisetts General Hospital Boston) 

(Rccti\c(! for publicniion June 6 1931) 

In T prcxnous cominunicsition (1) dan were presented which showed 
that the administration of irradiated ergostcrol to indmduals with cal- 
cium defiaencj diseases resulted in an increased absorption and retention 
of calcium and phosphorus PresumabU these retained salts were de- 
posited in the bones The amount of retention noted dunng such therapy 
apparently depended upon the sc\enty of the existing calcium phosphate 
defiaenca If there existed a calaum phosphate deficiency of the serum 
as well as of tlic bones, the retention of calcium and phosphorus was 
greater than when there was a calcium phosphate deficiency of the bones 
only 

The present experiments were undertaken in order to obtain direct 
proof that the calcium and phosphorus retained in calcium defiaency 
diseases subset|uent to irradiated ergostcrol therapy was deposited in the 
bones It w as also hoped that it could be demonstrated that the deposi 
tion of calcium phosphate in such cases w as more marked w hen irradiated 
ergostcrol was administered m conjunction with a high calcium diet than 
when only a high calaum intake was employed 

I Aditll cats prevtottsly on a low calctuni diet 
Calcium phosphate deficiency of the bones can be produced in cats 
by keeping them on a diet inadequate in calcium for a penod of months 
(2) This calcium phosphate deficiency is characterized by a depletion 
of the bone trabeculae Tlierefore, these expenments w ere earned out on 
cats which had received a diet low in calcium for a penod of months and, 
as a consequence, exhibited signs of calaum phosphate defiaency 

Tw'ehe cats were studied Ten had been on an inadequate calcium 
intake for 7^ months, two for 22 months At the end of such penods, the 

’ This IS publication Iso 6 of the Robert W Losett Memonal for the study 
of cnpphng disease Harvard Medical School Boston Massachusetts 

’ Part of the expense of this investigation was paid by the William W fVel 
Iington Memonal Research Fund 

• Medical Resident, Massachusetts General Hospital 

37 




3S 


IRR\DIVTED ERGOSTEROT III 


left fore lep of each cat \\as amputated at the shoulder joint under ether 
anesthesia The humerus of each leg was prepared as previously de- 
«:cribed (2) Elach humerus showed the characteristic depletion of the 
bone trabeculae The humeri were saved until the cats w'ere sacrificed 
so that a comparison could be made w ith the corresponding humerus of 
the opposite leg Following the operation, the diet w^as changed from 
one inadequate m calcium to one having a high calcium content 

Si\ of the animals were given varjnng doses of irradiated ergosterol 
b\ mouth The other six were kept as controls, receiving only the high 
calcium diet The animals w'ere grouped into pairs as nearly equal in 
si/e and weight as possible, one to ser\'e as a control animal and one to 
recene irradiated ergosterol The paired animals were simultaneously 
sacrificed under ether anesthesia at var>nng lengths of time following the 
institution of the high calcium diet The humeri of the right fore legs 
were sa\ed for examination The preparation of all bones was identical 
Some animals received irradiated ergosterol for 8 davs and others for as 
long as 57 da\s Accurate account was kept of the food intake As 
may be seen in Table I, the average calcium intake of the cats receiving 
ergosterol was less than that of their control mates, m some instances 
onlv half Despite this, the bones of the cats receiving irradiated ergos- 
terol showed defimtelv more trabeculae than did those of their control 
mates (see Plates I and II) With the exception of cat 11, the cats re- 
cening irradiated ergosterol show^ed in every instance a higher serum 
calcium than their control mates and three of these same cats show'^ed a 
lowered serum phosphorus If overdosage is the cause of these findings 
It did not persist long enough to produce the demonstrable decalcification 
which has been reported bv otlier workers (3), (4), (5) 

In cats 11 and 12, the results obtained were disappointing Before 
the experiment these two cats, which had been on a low calcium diet for 
almost tw o > cars, exhibited signs of calcium phosphate deficiency of both 
the serum and the bones tetany, a low' serum calcium, and a marked de- 
crease m the number of bone trabeculae Yet the humerus of cat 11, 
after the high calcium diet — irradiated ergosterol regime, did not show 
ajiprcnably more trabeculae than did the humerus of cat 12, after the 
Inch calcium diet period w ithout irradiated ergosterol therapy Al- 
though the serum calaum of the cat receiving irradiated ergosterol had 
increased from 8 2 mgm to 11 mgm , it was not so high as the serum cal- 
cium of the control animal (12 mgm per 100 cc ) The failure to obtain 
more ‘Striking differences as the result of irradiated ergosterol therapy 
can probabK be explained b\ the short duration of the experiment, and 
tin. failure of cat 11 to eat the high calcium diet employed 

The:^e experiments furnish definite e\ idence that the increased cal- 
cium and phosphorus absorbed during the administration of irradiated 
results m the deposition of calcium phosphate m the bones 
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Record oj the weiithl average dail^ dose of irradiated ergosterol leiifth oj time it was ad 
imnistcred the food intake and the serum ealeiunt and phosphorus on the day 
the eats were sacrificed 
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Low Calaum 
Diet 




Hieh Calcium 
Diet 


Cat II 
Irradiated 
Lrcosterol 
for 8 da\s 


Cat I Cat VI 

Control Irradiated 

Ergosterol 
for 36 days 


Low Calcium 
Diet 

J 


High Calaum 
Diet 


Cat 1\ Cat III 

Irradiated Control 

I'rcosterol 
for S da\s 

Ti \ar I Showing the LrrccT or Irradiated Ergosterol on the Forma- 
tion oi Bone Tr AUECLLAE IN Cats Preatousla on a Low Calcium Diet 

The fact that the number of bone trabeculae was shghth greater in the 
inimiL reccnmg irradiated ergosterol in addition to a high calcium diet is of 
I uich ^reiter '•icniticance when one remembers that the aaerage calcium intake 
fo' tht-e aniniaL was considerabh less than the intake of the control animals 
I hi incria-t in the number of bone trabeculae is not so apparent in the photo- 
^rtph- a- in the bones themsehes because of the presence of high lights and 
t* ido \' Thi' comment applies also to Plate II 


Cat V 
Irradiated 
Ergosterol 
for 57 dat s 
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Cat [\ 
Control 





I on Cniaiim 
Diet 


High Calcium 
Diet 


Cat VI 11 CatV 

Irradiated Control 

r rgostcrol 
for 43 da>8 



Cat XI 
Irradiated 
Ergosterol 
for 20 days 


rT-<^»'aF*c(V'>s 



CatXII 

Control 


Lon Calaiim 
Diet 


High Calaum 
Diet 


Plate 1 1 Showing the Effect of Irradiated Ergosterol on the Foraia 
T ioN OF Bose TRtnccuLAE is Cats Pre\iodsl\ on a Low Calcium Diet 
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Tlic\ also demonstrate that this deposition is greater in cases of calcium 
dcficiencA when irradiated ergosterol therapy is given in conjunction with 
a higli calcium diet than w hen only a high calcium diet is employed The 
results are of more significance when one realizes that the cats receiving 
irradiated ergosterol did not eat so much of the high calaum diet as their 
control mates 

II Normal kittens 

Eight kittens, 6 of them from one litter (Sj weeks old) and 2 from an- 
other litter (3 months old), were given a normal diet, adequate m calcium 
Four of them were gi\en irradiated ergosterol by mouth, in doses varying 
from 0 25 to 1 5 mgm a day As set forth in Table II, kitten 13 was 


TABLE II 

Record of the 'cciglit a crage daily dose of irradiated ergosterol, length of time it was ad- 
ministered and the serum calcium and phosphorus on the day the kittens 

were sacrificed 
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Cit \IV Cat Mil 

Control Irradiated 

CrRostcrol 
for 28 da>8 



Cat Wll 
Control 



Cat Will 
Irradiated 
Crgostcrol 
for 63 da> s 



Cat XIX 
Control 



Cat \X 
Irradiated 
Ergosterol 
for 28 days 


Plvte III SnowiNr the ErpEcr of Irradiated Ergosterol ok the Forsia- 
TioN OF Bone Trabeculae in Normal Kittens 

It will be noted that the changes in these c\pcrimenta were not so marked as 
those concerning the adult animals 
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pxired Mitli kitten 14, IS with 16, 17 with IS, and 19 with 20 Kittens 
1 S 16 IS, and 20 were gi\en irradiated ergosterol They W'ere sacrificed 
in pairs (except in the case of 17 and IS) as described in the previous 
experiment, at times xarxing from 2S to 63 days after the beginning of 
ergosterol therapx Here, as before, increased bone trabeculation w'as 
found in the kittens receix mg irradiated ergosterol (see Plate III) How- 
on er, no difference was demonstrated m the level of the serum calcium, 
although the serum phosphorus of the animals recennng irradiated ergos- 
terol was lower 

The findings m these experiments are m accord w ith those of the other 
experiments described m this paper, except that the changes are not so 
marked 

COMMENT 

Pretious experiments (1) demonstrate that calcium and phosphorus 
absorption and retention is increased in calcium deficiency diseases when 
irradiated ergosterol is administered The present experiments show 
that this retained calcium and phosphorus is deposited in the bones as 
calcium phosphate These experiments also demonstrate that the re- 
tention and deposition of calcium phosphate on a high calcium diet is 
greater m calcium deficiency diseases when irradiated ergosterol is ad- 
ministered This increased retention of calcium and phosphorus is 
‘^econdarN to increased absorption and deposition and wmuld not occur if 
a calcium phosphate deficiencx of the bones did not exjst These findings 
are m agreement with those of Brown and Shohl (3) and Light et al (5) 
These workers reported an increase m the calcium content of bone and a 
heax ler bone ash w hen non-toxic doses of irradiated ergosterol xvere given 

The fact that the number of bone trabeculae m kittens can be in- 
creased with irradiated ergosterol therapv indicates xxhy such treatment 
protects against rickets 


StMXLXRY 

1 The administration of a high calcium diet to cats with calcium 
pho‘;phate deficiencx of the bones results in an increase in the number of 
bone trabeculae 

2 This increase m the number of bone trabeculae is greater xxhen, in 
in addition to a high calaum diet, irradiated ergosterol is gix'en 
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STUDIES ON THE MODE OE ACTION OE IRRADIATED 
ERGOSTEROL 

IV In H\i op\r\tii\roidism ' ’ 

n\ W V TPR nULR ALOvWPEk MARBI E> vsn DOROTIH CL^\FL!V 
{From Ihe \fedual Chute of Ihe \fassarhuseils General Hospital Boston) 

(Rccci\cd (or publication June 6 1931) 

The h> polhcsis Ins been ad\ meed that irradiated ergosterol acts onlv 
1)V stimulatitiK the parathjroid glands (1-3) Vet \anous workers have 
reported beneficial results in the treatment of parathyroid deficiency 
with irradiated ergosterol (1), (3), (4-10) It is difficult to believe that 
if irradiated ergosterol acts bj stimulating the parathjroid glands, its 
administration to completely paratht roidectomizcd animals should result 
in allc\ latton of the tctan> and restoration of the scrum calcium and phos- 
phorus to normal \ alucs The lack of complete calnum and phosphorus 
metabolism data, failure to state the dietary intake, and aanations in 
dosage as well as diflerences in potcnca of the irradiated ergosterol prepa- 
rations emploNcd, make it difficult to draw anv conclusions from the work 
rcixirtcd in the literature as to the mode of action of irradiated ergosterol 
in paratluToid tetany The results obtained in certain instances may 
aer\' well hate been due to overdosage of this potent vitamin D prepara- 
tion (S) 

In prc\ lous communications (11-13), data have been presented which 
were interpreted as signifyang that irradiated ergosterol acted by increas 
ing tlie absorption of calcium and phosphorus from the gastro-mtestinal 
tract If such an interpretation of tlie data is correct, then the beneficial 
results obtained in the treatment of parathvToid deficiency must bear a 
direct relation to the calcium intake In an attempt to substantiate or 
disprov c such a theory , calaum and phosphorus metabolism expenments 
were carried out on patients with parathyroid tetanv, on waning calcium 
intakes, w ith and w ithout irradiated ergosterol therapy The phosphorus 
intake was kept constant throughout each expenment 

Three cases of hv poparathy roidism, tw o w ith idiopathic and one w’lth 
postoperative parathyroid tetany, were studied They all showed the 
charactensUc features of this disease syndrome, namely the signs and 

' This IS publication No 7 of the Robert \V Lovett Memonal for the study 
of crippling disease. Harvard Medical School Boston, Massachusetts 

’ Part of the expense of this investigation was paid by the William W 
Wellington Memonal Research Fund 

’ Medical Resident, Massachusetts General Hospital 
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iiiptom^ of telan\ . low serum calcium, high serum phosphorus, and 
hntics which appeared on \-ra\ examination to be of normal density 
The calcium and phosphorus content of the diet guen each individual 
was ktpt constant throughout each experiment The total calcium in- 
take was \aricd ba administering calcium in the form of calcium chloride 
(hie patient (Mr B W , experiment I) was maintained on a diet ade- 
quate in calcium, 2 OS grams per three-dav period, the others recened an 
inadequate calcium intake, 0 30 gram per three-day period It w'as 
hoped that b\ this method of study it would be possible to determine 
whether or not the effects obtained were secondar^^ to the calcium intake 
or to stimulation of remaining parathyroid tissue 

METHODS 

These three patients were studied under the same conditions as those 
prcMoush described (11-12) The collection and preparation of the 
excreta and the methods of anaivses used were identical with those em- 
plo\cd in studies I and II (11-12) 

EXPERIMENTS 

llxpirnnott I 

Mr B \\ , a 54 >ear old retired Jewish tailor, had suffered from idio- 
pathic para tin roid tetanv for fi\e years His data are presented m 
Charts 1 I, IB, and Table I 

During the control periods (49-51), his dietar>' calcium intake was 
2 OS grams per period , in addition he received 36 cc of a 45 per cent solu- 
tion of calcium chloride ■* each period, his average calcium intake per 
pi. nod being 7 79 grams The axerage total calcium excretion w'as 4 71 
grams, 0 2S gram in the urine and 4 43 grams in the feces, the average 
jxi-iti\ e balance being 3 08 grams Beginning w ith period 52, he received 
5 mxm of irradiated ergosterol a da\ During the first period of medica- 
timi a me in the fecal calcium and a fall in the unnar>' calcium occurred, 
uncxiilaincd phenomena which haxe been observed m prexious studies 
ill ' In the subsequent periods (53-57) the fecal calcium fell to such a 
degree that, although the urinarv calcium rose, the positixe calcium 
b dance increased 1 he calcium intake was reduced during the next two 
]K”ii*ds ^9' and the effect on the caloum metabolism is well shown in 
1 ible 1 Dunm: periods 60-64, calcium chloride was discontinued, re- 
suhnK in a further reduction of the calcium excretion and the positive 
e”i’cniin b d ince When, however, the calcium intake was again raised 
H* 7 graniv b\ the administration of calcium chlonde (periods 65-66), 
lb' e re-’il’eM i jx'-iiive calcium balance greater than that in periods 52- 
57 1 v'l tl e iiitake and the ergosterol dosage were the same The uri- 

1 i-a. c dt uri as higher, the fecal calcium lower 

' 1 I (b - 1 1 i" t ip’jvtd C'lnnintd 162 nigm of calcium 
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The changes in the phosphorus metabolism follo\\ing the administra- 
tion of irradiated ergosterol ivere a gradual increase in both the unnary 
and fecal \ alues and consequently a decrease m the phosphorus balance 
Sec Table I These changes will be discussed in more detail below 



Chart IB Phosphorus Metabolism iv Experiment I 

Tne most interesting and significant changes noted in this experiment 
were tho^ of the scrum calaum and serum phosphorus During the 
pre-medication penods on the high calcium intake the serum calcium was 
6 5 mgm per 100 cc and the serum phosphorus was 5 08 mgm per 100 cc 
Thc^ •=erum \ alues remained unchanged dunng the first day of irradiated 
t'go-tcro' administration On the eighth day of this therap>, period 54, 
the calcium Ata*: 9 04 mgm per 100 cc and the serum phosphorus 

wa«^ 4 32 mgm pc'- 100 cc. It v as dunng this period that the unnary 
ca’cmm ro^, but the fecal calaum fell to such a degree that a marked 






TAfiLB I 

The effect of irradiated ergoslerol on the cakium, phosphorus and mtroicn metaboJtsm of indivfduaJs xoith 
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increase in the positne calcium balance occurred When one compares 
the phosphorus metabolism in this penod with that of the averages for 
the control penods, he finds that the fecal phosphorus was lower and the 
unnar\ phosphorus higher During penod 56, the fifteenth day of ther- 
apy, the serum calcium was 11 0 mgm and the serum phosphorus vas 
3 69 mgm The calcium and phosphorus metabolism changes vere 
practically the same during penods 55 and 56 as they were in penod 54 
When calcium chloride vas omitted, penod 60, the serum calcium fell to 

9 0 mgm and the positive calcium balance v as greatly reduced The 
serum phosphorus rose to 4 6 mgm and the positive phosphorus balance 
w as slightly increased On resuming calcium chloride therapy, the serum 
calcium rose to 10 0 mgm and the positive calcium balance was greatly 
increased, whereas the serum phosphorus fell and the positive phosphorus 
balance vas again decreased 

Experiment II 

Master A P , an 8-year old schoolboy, was known to have had idio- 
pathic parath>’TOid tetany since the age of 4 His dietary calcium intake 
w as kept constant throughout the expenment, but was inadequate, 0 30 
gram per three-day penod His data are presented in Charts 2A, IB and 
Table I 

His total calcium intake dunng the control periods was brought up 
to an a\ erage of 9 05 grams per penod by admimstenng calaum chloride 
The data obtained dunng the penod of irradiated ergosterol medication 
were similar to those desenbed in expenment I (See Table I, penods 
31-36 ) Follow’ing the discontinuance of calcium chlonde medication the 
calcium balance became negative and the positive phosphorus balance 
w as slightly increased The resumption of calaum chlonde administra- 
tion resulted in a positive calaum balance, much greater than that ob- 
served dunng comparable penods earlier in the expenment (penods 
31-36) 

The changes in the phosphorus metabolism were similar to those 
obscrv ed in the previous expenment 

In this expenment the changes in the serum calaum and phosphorus 
w ere V erv marked Dunng the control penods values of 8 0 and 7 8 mgm 
w ere obtained for the serum calaum and 6 25 and 7 41 mgm for the serum 
phosphorus On the third da> of ergosterol therapy, the serum calcium 
had nsen to 10 0 mgm and the serum phosphorus had fallen to 7 14 mgm 
\\ ith the di'^continuance of calaum chlonde dunng penods 40, 41, and 42, 
tlie serum calaum dropped to 5 6 mgm and the serum phosphorus rose 

10 9 2 mgm. On resumption of calaum chlonde therap> , the serum 
calaum ro=e nbmpth to 10 0 mgm and the serum phosphorus fell to 
0 ’5 mem These values were maintained throughout the remainder of 
the expenment. 
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Chart 2B Phosphorus Metabolism in Experiment II 
Hxpcrtma t III 

Miss K R , a 26-ycar old school health worker, entered the hospital 
first on December 19, 1928 Subtotal thyroidectomy was done on 
December 31, 1928 Because of the persistence of symptoms of thyro- 
toxicosis a second operation was done on May 23, 1929, w'hen more 
th> roid tissue w as remo\ ed Three days later, carpopedal spasms were 
noted The scrum calcium was found to be 6 8 mgm per 100 cc and the 
ccrum phosphorus 4 6 mgm per 100 cc She w as transferred to the Metab- 
olism Ward for stud% and was placed on a low calcium diet (0 30 gram 
per ihrcc-da\ period) On June 13, the serum calaum had fallen to 5 2 
mem and the serum phosphorus had nsen to 6 7 mgm It is notew orthy 
thit in the progression toward abnormal blood values the calaum was 
found !o.' at the time when carpopedal spasms were first noted, whereas 
the phosphorus rose gradualK to its high le\el some eleven days later 
Charts 3 I. 35 and Tab'e I contain the calaum and phosphorus metab- 
ch'!”! data from th s patient 
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From Table I one notes that the administration of irradiated ergos- 
terol caused only slight changes m the calaum metabolism while this 
subject was on an inadequate calaum intake. The changes W'ere so 
slight that one hesitates to asenbe them to irradiated ergosterol therapy 



Periods 


Chart 3A Calcium Metabolism in Experiment III 


The unnary phosphorus rose, the fecal phosphorus remained practically 
unchanged, and the positive phosphorus balance decreased Durmg the 
last three periods of this study, the calaum mtake was mcreased to 9 03 
grams per period by the administration of calaum chlonde Irradiated 


56 


IRILVDI \TED ERGOSTEROL IV 


crcjosterol therapy was continued during these three periods A larger 
positnc calcium balance ensued and the positive phosphorus balance 
decreased 

During the control penods the serum calcium vaned between 5 2 and 
6 6 mgm , the scrum phosphorus rose from 5 44 to 6 72 mgm Dunng the 
administration of irradiated ergosterol the serum calcium remained al- 
most constant, 6 3 to 6 5 mgm , the serum phosphorus gradually rose from 



Cn\FT 3B PiiosmoRus Metabolism in Experiment III 

6 7 to 7 6 mcm per 100 cc WTien calaum chlonde was administered in 
addition to the irradiated ergosterol, the serum calcium rose to 7 9 mgm 
\«e\'cnth da^ of therapj) and the serum phosphorus fell to 5 I mgm 
\5 ou'- 5Upp!\ of irradiated ergosterol gaN e out on this da> , none was ad- 
rr'n:'‘e'C-d dunng the last two da\s of penod 10 This fact would seem 
to oe an adequate reason for not haring established normal serum cal- 
cium and pho-phoms rulues m this case 
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DISCUSSIOV 

rrom these axpenments it is apparent that the benefiaal action of 
irradiated ergosterol therapy on patients n ith parathjToid defiaency is 
dependent upon the calcium intake The administration of 5 mgm of 
irradiated ergosterol per day in experiment III was without effect on the 
scrum calaum or phosphorus or the calcium and phosphorus metabolism 
w hen the calcium intake w as inadequate (0 30 gram per three-day penod) 
When the calcium intake was increased to 9 03 grams per penod, there 
resulted a marked retention of calaum and a nse in the serum calaum, an 
increased phosphorus excretion and a fall in the serum phosphorus Fail 
ure to obtain a greater deration in the serum calaum was very likdy due 
to the fact that the irradiated ergosterol was administered for only seven 
da>'s 

In ex-penment II, the calaum intake was high (9 05 grams per 
penod) dunng tlie pre-medication penods, yet the scrum calcium and 
phosphorus -values were characteristic of those found in parathyroid 
tetany When irradiated ergosterol was administered the positi-ve cal- 
cium balance increased and the serum calaum rose, whereas the phos- 
phorus excretion increased and the serum phosphorus fdl Reduction of 
the high calaum intake to an inadequate one by discontinuing the cal- 
cium chlondo therapy caused the calaum balance to become negati've, 
the scrum calaum to fall, the phosphorus excretion to decrease, the serum 
phosphorus to nse, and as a consequence the signs and symptoms of 
tetany returned With the resumption of the calaum chlonde there oc- 
curred the following changes a marked positive calaum balance, a nse 
in the serum calaum, an increased phosphorus excretion and a fall in the 
serum phosphorus 

The results of expenment I were similar to those of experiment II, 
except that with the discontinuance of the calaum chlonde there was no 
return of the signs and sy mptoms of tetany and the drop in serum calaum 
and nse in serum phosphorus were not so marked These differences can 
be accounted for by the fact that the dietary calaum intake in expenment 
I was adequate whereas in experiment II it was inadequate 

These observations on patients with parathyroid tetany show that if 
the calaum intake is inadequate the administration of irradiated ergos 
terol IS without effect, yet its administration in the same dosage when the 
calaum intake is high results in complete symptomatic relief and changes 
in the calaum and phosphorus metabolism corresponding to those re- 
ported in Studies I and II (11-12) WHien irradiated ergosterol was ad- 
ministered to patients recavung a high calaum diet, the follownng changes 
occurred a moderate decrease in the fecal calaum, a nse m the serum 
calaum, a slight nse in the unnary calaum, and a consequent increase in 
the positive calaum balance. However, the phosphorus exaction was 
maeased and the serum phosphorus fell 
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If the changes in the calcium and phosphorus metabolism observed in 
these patients are interpreted as being secondary to increased calcium 
absorption from the gastro-mtestinal tract, they can be readily explained 
on the basis of the classification of disorders of calaum and phosphorus 
metabolism given by Albright, Bauer, Cocknll and Ellsworth (14) 
According to this classification, disorders of the parathyroid glands rep- 
resent conditions in which the body fluids contain the saturating amount 
of calcium phosphate, but the proportion of the calcium ion to the phos- 
phate ion is abnormal In parathyroid tetany the calcium ion is reduced 
and the phosphate ion is increased Because the body fluids already con- 
tain a saturating amount of calaum phosphate, the nse in the serum cal- 
cium (due to the inaeased absorption of calcium from the gastro-intes- 
tinal tract) is accompanied by a fall in the serum phosphorus and an in- 
creased phosphorus excretion in an attempt to keep the Ca X P product 
normal However, the fall m the serum phosphorus is not suffiaently 
rapid and therefore the Ca X P product nses - 

Further evidence to substantiate the belief that the beneficial action 
of irradiated ergosterol in parathyroid tetany is directly related to the 
calaum intake and is not secondary to the stimulation of any remaining 
parathyroid tissue is obtained when one compares the changes in the 
calaum and phosphorus metabolism of a normal individual while receiving 
an inadequate calaum intake plus an active parathyroid extract and 
when he is on the same diet but receivmg irradiated ergosterol mstead of 
parathormone ® 

With the admimstration of an active parathyroid extract to a normal 
individual on an inadequate calaum mtake there occurs (15) 

1 An increaised unnary phosphorus excretion , 

2 A fall in the serum phosphorus, 

3 A nse m the serum calaum , 

4 An increased unnary calcium exaction, 

5 No effect on the fecal calaum or phosphorus exaction , 

whereas the administration of irradiated agosterol in adequate doses to 
a normal mdmdual on a low calaum diet causes 

1 A deaease m the fecal calaum , 

2 A nse m the unnary’^ calaum , 

3 A deaease in the fecal phosphorus, 

4 A nse in the urmary phosphorus, 

5 Only slight elevation of serum calaum, 

6 Little, if any, ele\’ation of serum phosphorus 

Thus, the action of the tv o agents w hich are of most importance in 
the regulation of normal calaum phosphate metabolism is exactly op- 

‘ The trade name for the acti% e pnnaple of the parathyroid glands as pre- 
pared bj the Ell LilK Companj 
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posite, the active principle of the parathyroid glands mobiliang calautn 
and phosphorus from the bones, vitamin D increasing absorption of these 
elements from the gastro-intcstinal tract 

All the data presented in this senes of papers strengthen the theory 
which has long been held by certain workers (16-27) Vanous workers 
ha\e reported a shift in the pH of the stools from alkaline to and when 
individuals with nckets are receiving vitamin D An increased acidity 
of the gastro intestinal tract would favor more complete absorption of 
calcium and phosphorus (28-29), yet analysis of the gastnc and pan- 
creatic juices has failed to reveal any increase in aadity dunng irradiated 
ergostcrol therapy (35) Therefore, w e are left with no explanation of 
the increased absorption of calcium and phosphorus from the gastro- 
intestinal tract or of the reason for the observed shift in the pH of the 
stools The increased aadity of the stools m nckets may be secondary 
to other changes such as (1) the secretion of a more aad succus entencus 
or (2) alteration of the permeability of the intestinal wall, thereby allow- 
ing more complete absorption of calaum and other basic ions Further 
study IS necessary to prove ather of these last two mentioned modes of 
action 

Overdosage of irradiated ergosterol results in mobilization of calaum 
phosphate from the bones and decalaficahon (30) Because of this mobi- 
lization of calaum phosphate, the body fluids contain more than the nor- 
mal amount of calaum phosphate, and calaum phosphate deposition 
takes place m tissues other than bones This metastatic calafication is 
found more commonly m tissues where the carbon dioxide tension is more 
likely to be low (31) Why therapeutic doses of irradiated ergosterol 
result in an increased absorption of calaum and phosphorus from the 
gastro intestinal tract and overdosage in mobilization of calaum phos 
phate from the bones cannot be answered accurately at this tune, but 
there is an increasing amount of evidence which suggests that the toxic 
effects from excessi've irradiated ergosterol dosage are due to contained 
impunties rather than to the ■vitamm D concentrate itself (32-34) 

From these experiments as well as from those previously published it 
IS apparent that small doses of irradiated ergosterol produce benefiaal 
effects on patients with disorders of calaum and phosphorus metabolism, 
but the same doses are without effect on the calaum and phosphorus 
metabolism of normal individuals These results further demonstrate 
that the dose required for adults is larger than that usually prescribed for 
infants and children Therefore, it would be well to have this potent 
■vitamm D concentrate prepared m two different strengths, one for chil- 
dren and one for adults It must be remembered that the preparation 
used in these studies contamed 10 mgm in each cc. and that 0001 to 
00025 mgm was suffiaent to protect agamst nckets m rats fed on the 
Steenbock diet 
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SmniARY 

1 The beneficial results obtained in the treatment of parathyroid 
tetany when therapeutic doses of irradiated ergosterol are employed are 
directly related to the calcium intake and are not secondary to the stimu- 
lation of remaining parathyroid tissue 

2 The administration of 5 mgm of irradiated ergosterol a day to an 
individual with parathyroid tetany on an inadequate calaum intake is 
without benefiaal effects 

3 The administration of 5 mgm of irradiated ergosterol a day to an 
individual with parathyroid tetany receiving a high calcium intake pro- 
duces the following changes 

a A decreased fecal calcium excretion , 
b An increased urinary calaum exaction , 
c An inaeased positive calaum balance , 
d A nse in the serum calcium , 
e An increased fecal phosphorus excretion , 

/ An mcreased urinary phosphorus excretion , 
g A deaease in the positive phosphorus balance, 
h A fall in the serum phosphorus , 

4 The serum calaum nses faster than the serum phosphorus 
falls and therefore the Ca X P product nses , 
j The signs and symptoms of tetany disappear 

4 The dose of irradiated ergosterol required to produce beneficial 
changes in the calcium and phosphorus metabolism of individuals with 
calcium and phosphorus disorders is smaller than the amount necessary 
to produce similar changes in the calcium and phosphorus metabolism of 
normal individuals 
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THE MOVEMENT OF FLUID THROUGH THE HUMAN 
CAPILLARY WALL IN RELATION TO VENOUS 
PRESSURE AND TO THE COLLOID OSMOTIC 
PRESSURE OF THE BLOOD 

A KROGH, E. M LANDIS* and A H TURNER* 

{From the Laboratory oj Zoophystotogy, Vntrerstty of Copenhagen, Copenhagen, Denmark) 

(Rccen’cd for publication June 27, 1931) 

It IS well established by expenments on normal human subjects that 
when venous pressure is elevated, fluid is filtered from the blood into the 
tissue spaces This filtration has been identified by the increase in the 
\olumc of the congested limb (Mcnde, 1919, Carrier and Rehberg, 1923, 
Drury and Jones, 1927), and also by the concentration of protein in the 
blood which has passed through the congested limb (Rowe, 1916) There 
IS no information, however, concerning the effect in normal human sub 
jccts of changing the other equally important factor, namely, the colloid 
osmotic pressure of the blood 

The association of a low colloid osmotic pressure of the blood with 
certain forms of edema occumng as a result of disease in man (Krogh, 
1922 Hagedom, Rasmussen and Rehberg, 1922, Govaerts, 1924, Schade 
and Claussen, 1924, and others), or occurring with expenmental hypo- 
protememia in dogs (Leiter, 1928) suggests, but does not prove, that the 
movement of fluid through the capillary wall is related to the colloid 
osmotic pressure of the blood The further finding that capillary 
pressures in the frog, certain rodents, and man (Landis, 1926, 1930) 
are approximately equivalent to their different blood colloid osmotic 
pressures is also suggestive, but not conclusive, evidence that the Starling 
conception probably underlies the mechanism of fluid balance in the 
mammal 

If fluid balance m man depends upon an approximate balance between 
capillary pressure and the colloid osmotic pressure of the blood two thmgs 
must follow In the first place, as mentioned by Krogh (1929), a rela- 
tively small elevation of venous pressure must suffice to cause fluid to 
accumulate m the tissue spaces, so that the erect human bemg is con- 
stantly near to edema In the second place, with any given capillary 
pressure, a rise m the colloid osraobc pressure of the blood must be ac- 
companied by a fall m the rate of filtration 
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These ts\ o points have been investigated in normal human subjects by 
t\\ o plethysmographic methods of determining arm volume The results 
indicate that fluid begins to accumulate in the tissue spaces at venous 
pressures of 17 cm water or more, and that at a given venous pressure a 
rise of the colloid osmotic pressure of the blood is associated i^nth a 
decrease in the rate at which fluid filters through the capillary wall 

The measurement of fluid filtration by means of the ordinary plethysmograph 

The relation between venous pressure and the rate at which fluid is 
filtered through the capillsuy wall was first studied by means of an adapta- 
tion of the plethysmograph described by Lewis and Grant (1925) The 
method and the results obtained with it will be described only in bnefest 
outline since, in spite of careful selection of subjects, it was found that 
spontaneous variations in arm volume precluded the use of this method 
for quantitative measurements of the very small amounts of fluid ac- 
cumulating in the tissues dunng short penods of slight or moderate ven- 
ous congestion The results, mconstant though they are, ment a brief 
descnption since they provide qualitative support to certain conclusions 
reached by another method 

The subjects, 3 women and 1 man, were healthy adults with normal 
blood pressure, selected from a group of 19 because they showed the 
smallest spontaneous changes in arm volume when plethysmographic 
records were made over a period of an hour or more During an observa- 
tion the subject reclmed with the elbow and hand supported and fixed by 
sandbags so that the upper surface of the forearm was level with the man- 
ubnum stemi On each forearm was placed a plethysmograph 15 cm 
long, the ends of which were closed by means of rubber diaphragms which 
w ere accurately fitted to the arm to form an airtight joint without raising 
venous pressure above 10 cm water (Fig 1, a) Each plethysmograph 
was connected with a small spirometer of the Krogh type, having a total 
capacity of about 40 cc The whole system was filled with air, and the 
vanations in arm volume were recorded on a slowly moving kymograph 
by tv\ o pens, one writing above the other (Fig 1) In these records pulse 
and respiratory waves were barely visible, and did not interfere with the 
measurement of the volume changes 

In each expenment one arm was used as a control (lower lines. Fig 1 
a,h, c) and, after a rest penod of 30 minutes or more, venous pressure in 
the other arm was raised to 15, 20, 25, 30 or 40 cm water for 15 minutes 
bj means of a Ri\’a Roca armlet, 15 cm wide Figure 1 shows records 
of the volume changes produced by 15 cm water (Fig l,o),40cm water 
(Fig 1, 5) and 20 cm water (Fig 1, c), the last showmg also moderately 
large spontaneous variations in volume even dunng the penod of conges- 
tion The greatest increase in \olume, due to filling of veins and disten- 
tion of minute \ esscis, occurred before the fifth minute From the fifth 
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to the fifteenth minute the line was approximately straight with a slope 
depending on the degree of venous congestion 

In such a closed system containing air it was essential that tempera- 
ture be carefully controlled This was done in the first place by using one 
arm as a control, and by measuring the volume change in terms of differ- 
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Fio 1 Records of Chance in Arm Volume Durinc IS Minutes with 
Venous Pressures of (a) 15 oi , (6) 40 cm , and (c) 20 cm Water 

In each record the upper line shows the volume change m the experimental 
arm, the lower line the \oIume change in the control arm The temperature 
of the air in the plethysmograph is indicated at intervals on each record 
room temperature is recorded under the time hne To the left in (a) is shown 
the increase in volume when venous pressure was raised for a few seconds to 
10 cm water, indicating that venous pressure had previously been less than 
10 cm water On the right is shown the volume IS minutes after the release 

of congesbon ■ , 

Alois The records, originally written In red, were traced over with black 
ink to permit marked reduebon without loss of clearness Time, ongmaUy 
marked in 1 minute intervals, is shown only in 1 minute intervals in this 
figure To the left is given a composite volume scale made by cahbrabon of 
both spirometers 

ence between the two records The temperature of the air withm the 
plethysmograph changed equally m the control and the expenmental 
arm, usually in the downward direcUon, by an average of 35° C m an 
expenmental penod of 30 mmutes Room temperature vaned usually 
only 1 to 2° C , very rarely more than 3° in the same penod The skm 
5 

I 


66 


CAPILLARY WALL 


temperature of the segment of arm enclosed within the plethysmograph 
was about 31-32° C , while the air m the plethysmograph had a tempera- 
ture betn^een 24 0 and 28 0° C Room temperature was betn een 18 and 
20° except in four instances when it was between 20 and 21° C Careful 
examination of the results indicated that the variability in the findings 
could not be explained on the basis of temperature changes 



Fig 2 Relation Between Filtration Rate (cc per Minute per 
100 cc of Arji) and Venous Pressure (cm Water) in Four Subjects, 
AS Determined yith the Ordinary Plethysmograph 

The computation of filtration rates was frequently complicated by 
spontaneous vanations m volume (Fig 1, r) which prevented the use of 
ordinary methods of measurement Therefore lines Mere drawn vertically 
m each record from the time line at the 5th, 10th and 15th minutes The 
area MNOP (Fig 1 , c) was measured by plammeter and the figure thus 
obtained m as divided by the Imear distance iVO to determine the average 
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distance in millimeters behxccn the h\o curves dunng the penod from 
the fifth to the tenth minutes The same procedure was used to de- 
termine the average distance between the two curves dunng the 
penod from the tenth to the fifteenth minutes The difference bebveen 
these distances, when compared with the calibration figures of the 
spirometers, indicated the change in volume of the expenmental arm 
compared to the control arm dunng five minutes’ congestion The 
volume of the segment of arm within the plethysmograph was measured 
(as descnbed on page 73) and the apparent rates of fluid movement 
w ere computed m terms of cc of fluid per minute per 100 cc arm The 
results have been charted in Fig 2 to show the relation between the ap 
parent rates of filtration and venous pressure 

The accuracy of this method of measunng the rate at which fluid is 
filtered into the tissue spaces depends obviously upon the quantitative 
identity of the spontaneous volume vanabons in the bvo arms Figure 2 
shows by the large spread, in sign ns well as in magnitude, of the values 
thus obtained, that the spwntaneous vanabons of volume are not enbrely 
idenbcal in the bvo arms This conclusion was vended also by examina- 
tion of single expenments (Fig 1, c) From this it appears evident that 
a simple plethysmograph is unsuited for the accurate measurement of 
small amounts of fluid accumulabng in the arm at relabvely low venous 
pressures, since the unavoidable vasomotor vanabons produce spontan- 
eous changes m arm volume which are often greater than the volumes of 
fluid to be measured (Fig 1, e) 

The results are of value in that they indicate vaguely what was ven- 
ded definitely b> another method Filtrabon of fluid may or may not 
result when venous pressure is elevated to 15 or 20 cm water, but filtra- 
bon IS clearly evident at a venous pressure of 30 cm water, becoming sbll 
greater at a venous pressure of 40 cm water 

The pressure plethysmograph 

Quanbtabve studies of filtrabon were made by a method which de- 
termined the change m volume of the bssues and their contamed extra- 
vascular fluid, while excluding the contents of the blood vessels For this 
purpose pressure was exerted on the surface of the segment of arm within 
the plethysmograph, to collapse the blood vessels before the final volume 
was measured Under these condibons the state of contracbon or dila- 
tabon of the blood vessels did not, wnthin certain limits, interfere with the 
reasonably accurate measurement of changes in the volume of tissue fluid 

(o) The apparatus The plethysmograph, shown m Fig 3, was made 
of sheet metal (P), 5 mm m thickness, in the form of a truncated cone, 
having a length of IS cm Two sizes were used, the smaller with end 
diameters of 9 and 10 cm , the larger with end diameters of 10 and 11 cm 
A sleeve (5) of thm rubber ( 25 ram thick), 33 cm long, 9 and 10 cm in 
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diameter at the ends, was placed inside the metal case and the ends \\ ere 
e\'^erted and attached firmly {S') to the ends of the plethysmograph, by 
means of cement to ensure a water tight junction \\Tien collapsed the 
the folds of the inner bag extended about 3 cm beyond the ends of the 
metal sleeve, and when filled with water under pressure, the surplus rub- 
ber lay against the surface of the arm in a senes of folds (F) The ends of 
the plethysmograph were closed by diaphragms (D) of heavier rubber, 
1 0 mm in thickness E^ch diaphragm was cut from rubber obtained 
in the form of a truncated cone 15 cm long, 5 and 9 5 cm in diameter 
at the ends The segments were accurately fitted to the arm so that the 
diaphragms, while tightly stretched over the ends of the metal sleeve, were 
in gentle contact with the skin of the arm over a distance of 1 5 to 2 0 cm 



Fig 3 Diagram of the Pressure Plethysmograph 
For descnpUon see text 


To make the ends less distensible a second partial diaphragm of rubber 
(DO was arranged to extend half vay betv'een the metal sleeve and the 
skin 

T\\ o rubber bags, 60 cm long and 3 5 cm wade, were wound (B) 2 or 
3 times around the arm above and below the plethysmograph over the 
skin and the outer portion of the diaphragms E^ch bag v as held against 
the arm by sexeral loose turns of gauze bandage (G) so that the inner 
suface of the rubber bag vas in immediate contact with both the dia- 
phragms and the skin Both bags v ere connected v ith a compressed atr 
supph of 55 cm water pressure, so that, before the pressure inside the 
plethx smograph was raised, they might be inflated to prevent the thin 
inner bag from being pushed out between the diaphragms and the skin 
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The large opening m the top of the plethysmograph w'as closed by a 
rubber stopper (J?) which held one large glass tube (A) to catch any bub- 
bles of air left wnthin the bag, and one small glass tube (HO through which 
water moved from the plethysmograph to the burette in which volume 
change was measured A thermometer inserted into the stopper indi- 
cated the temperature of the water surrounding the arm The move- 
ment of 40 to 60 cc of water into and out of the plethysmograph dunng 
each lolume determination provided adequate mixing Temperature 
was measured m a few observations by 2 thermal junctions, one above and 
the other below the arm, without detecting any significant error m the 
simpler method The metal surface of the plethysmograph was covered 
w ith cotton wool to diminish heat loss 

The plethysmograph was connected, by pressure tubing running from 
W (Fig 3), to the lower end of a 100 cc burette with 2 cc. graduations 
The upper end of the burette was connected to a compressed air supply 
by means of which a pressure of 55 cm water could be exerted on the 
contents of the burette, and through W to the inside of the plethysmo- 
graph 

Venous congestion was produced by inflating a cuff, SO cm long and 
15 cm wnde, which encircled the upper arm just above the elbow To 
obstruct artenal inflow to the arm (except through the bone) a second 
cuff, 7 cm wide and 55 cm long, was placed just below the axilla This 
latter cuff was inflated rapidly from a reservoir to a pressure of 240 mm 
Hg or more Venous pressure was determined m the v eins of the liand 
both before and during venous congestion by a capsular method desenbed 
elsewhere (ICrogh, Turner and Landis, 1932) 

The subjects in all but one senes of observations were recumbent with 
the hand and elbow placed on sandbags so that the plethysmograph was 
supported only by the forearm The upper surface of the forearm was 
lev’el with the manubnum stemi, the arm was abducted to about 30° at 
the shoulder, and the elbow was slightly flexed To avoid movement 
and the resulting changes in the relation between the arm and the pie 
thysmograph the distal portion of the hand was weighted wnth sandbags, 
leaving on the dorsum of the hand only enough room for the venous pres- 
sure capsule It was essential that the subject be absolutely still if reli- 
able readings w ere to be obtained, and every effort was made to have the 
subject entirely comfortable before an experiment was begun The ob 
servations in this senes were made exclusively on two subjects, one of 
whom (E L ) habitually showed large spontaneous changes m arm volume 
when measured by the ordinary plethysmograph Blood pressure m both 
subjects was withm the normal range. 

At the beginning of an experiment the inner bag of the plethysmo- 
graph was arranged so that the extra folds of rubber were collected at 
the ends of the plethysmograph The instrument was then slipped on 
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the forearm until it reached the position shmm in Fig 3 A short piece 
of rubber pressure tubing, 4 mm in outside diameter, with many perfora- 
tions along Its length, was placed between the lateral surface of the fore- 
arm and the inner bag, so that it ran completely through the plethysmo- 
graph while its ends projected beyond the tivo diaphragms Thus any 
air caught between the inner bag and the sbn could escape by this channel 
when water flowed into the plethysmograph 

To keep the plethysmograph from slipping down the forearm toward 
the wrist the proximal rubber diaphragm was attached to the skin distal 
to the elbow joint by means of several short pieces of ivide surgeon’s 
plaster The tn^o external rubber bags were then wrapped loosely about 
the diaphragms above and below the plethysmograph as shown in Fig 3 
Water at a temperature of 34® C was poured into the burette and from 
there entered through W into the inner bag of the plethysmograph, which 
gradually filled the space around the arm and finally pushed the thin 
rubber in folds against the skin and the diaphragms As the water dis- 
tended the bag the plethysmograph was shaken vigorously to dislodge the 
air not only from the inner surface of the bag but also from the space 
between the bag and the skin The former collection of air was removed 
through A (Fig 3), the latter collection found its way under the dia- 
phragms along the rubber tube, which was left between the inner bag and 
the skin throughout the expenment The burette was filled approxi- 
mately to the 20 cc mark and the top of the burette was connected with 
a tube leading to the compressed air supply 

The forearm is conical in shape and when the pressure in the plethys- 
mograph was raised the whole apparatus tended to slip downward until 
It was retained by the adhesive tape connecting the upper diaphragm and 
the skin In order to settle the apparatus in this final position as rapidly 
as possible the pressure in the plethysmograph was raised and lowered 
rapidly and the arculation ivas cut off several times before the first de- 
termination of volume This diminished the time required for obtaining 
the senes of constant readings ivhich must necessanly precede the meas- 
urement of the volume change produced by expenmental procedures 
The surface of the water in the burette was always kept level with the 
upper surface of the plethysmograph The amount of water in the bur- 
ette-plethysmograph sj'^stem was the same through each expenment, so 
that a decrease in the volume of the arm caused the surface of the water 
m the burette to fall below the le% el chosen as the point of reference The 
burette was then raised to restore the water to its original level and, pres- 
sure being thus constant, the volume change could be read by comparing 
the \olumes indicated on the burette With a fall in arm volume there- 
fore the burette reading became higher, wnth a rise m arm volume the 
burette reading became lower, b\ an amount equal to the change in arm 
\o!ume With normal circulation the spontaneous changes in arm \ol- 
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urae amounted usually to between 1 and 3 cc , companng favorably with 
the spontaneous tanations observed a ith the ordinary plethysmograph 

Venous pressure was measured at this time and was ordinanly between 
12 and 14 cm aater m the hand below the plethysmograph If the 
venous pressure a as over 15 cm water the diaphragms and cuflFs were 
refitted and adjusted until a venous pressure less than IS cm was ob- 
served, in order to be certain the filtration was not produced by congestion 
due to the plethysmograph itself 

(2>) Tie determ!>u 2 lton of "reduced arm volume " The term "reduced 
arm \olume’' will be used to designate the volume of the segment of arm 
in the plethysmograph i\hen the blood vessels were collapsed by the ex- 
ternal pressure "Arm volume” will refer to the volume of the arm seg- 
ment M hen the blood vessels were filled When the pressure was released 
between the determinations of "reduced arm volume” the apparatus 
recorded changes in “arm \olumc” as an ordinary plethysmograph would 
have done 

In each determination of reduced arm volume the two small external 
bags w ere first inflated w ith a pressure of 55 cm w ater (A , Fig 4) From 
3 to 5 seconds later (B, Fig 4) the same pressure was applied to the con- 
tents of the burette Water left the burette rapidly, but the burette was 
raised in its holder so that the surface of the waiter was always kept level 
wth the upper surface of the plethysmograph From 30 to 45 cc. of 
water left the burette in the first 10 to 15 seconds, due in part to removal 
of blood from the arm and in part to bulging of the diaphragms under the 
internal pressure Circulation was not stopped at this time in order that 
the greater part of the blood expressed from the forearm might be earned 
away through the open veins The brachial artery and vem were com- 
pressed about 25 seconds (C, Fig 4) after the inflation of the external 
bags, by raising the pressure in the upper, narrow armlet to 240 mm Hg 
or more The residual blood could then be expressed from all the blood 
vessels within the plethysmograph, includmg artenes and artenoles, 
by the external pressure of 55 cm water This relatively small volume of 
blood was accommodated by the veins situated m the segment of the 
arm between the lower border of the occluding armlet and the upper 
border of the plethysmograph 

The pressure apphed to the surface of the segment of arm within the 
plethysmograph must be high enough to express almost all of the blood 
within a few minutes, and yet be as low as jxissible to avoid expressing 
tissue flmd from the same segment of arm It was found that 55 cm of 
water was the most suitable pressure m this regard smee it removed the 
blood m the course of 3 to 6 mmutes 

With this pressure, as shown in Fig 4, the change in volume m the 
first minute usually exceeded 40 cc , but m the second mmute was reduced 
to between 2 and 4 cc , depending on the size of the arm and, as will be 



72 


CAPILLARY WALL 


sho^^^l later, on the state of the vessels in the arm After the second min- 
ute, readings of volume were made every 30 seconds, the change m volume 
in each period becoming steadily less until after the 4th or 5th minute it 
was only 2 to 15 cc per 30 seconds The volume continued to decrease 
quite constantly at this rate even w'hen readings were continued for a 
total of 10 minutes 

In the usual determinations the readings w'ere continued, as shown in 
Fig 4, until in each of 2 successive 30 second penods the volume changed 
2 cc or less This point w^as reached after the circulation had been 
stopped for a penod of 3 5 to 6 minutes, or, more rarely wnth a larger arm. 



Tig 4 Chart Showtng Burette Readings Between and During 
Determinations of Reduced Arm Volume by Means of the Pressure 
Pletih smograph 

The first three determinations were made dunng normal resting circulation 
The last determination was begun dunng the penod of reactive hyperemia 
which followed the last control estimation For full descnption see te\t 

7 minutes Readings w ere never continued beyond 7 minutes because an 
CNcessn ely long anoxemia might modify the permeability of the capillary 
w all There w as some indication that this occurred if circulation w’as cut 
off for 10 minutes or longer, a penod of 7 minutes w'as therefore regarded 
as the extreme limit of complete safetx' 

The reading obtained at the end of one minute of minimal change in 
\olume ( 2 cc per 30 seconds') was recorded for companson with other 
readings made under the same conditions in later determinations In 
Fig 4 the burette reading at the end of the first determination was 84 7 
cc Pressure was released (D, Fig 4) first from the inner bag, a few sec- 
f'ud' later from the external bags, and finalh about 10 to 15 seconds later 
f^om the mnlet Circulation was resumed, and, due to reactue hjper- 
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emia, the arm xolumc one minute later was 2 S cc higher than at the 
beginning of tlie determination 

A penod at least as long as the preceding occlusion was allowed to 
elapse before the next determination, this seemed sufficient since Lewis 
and Grant (1925) found that reactiie hyperemia lasted not more than 
3/4 as long as tlie occlusion pienod which produced it A second determin 
ation made in the expenment shown in Fig 4 yielded a final reading of 
85 0 cc , and a third, after a similar recovery penod, 85 2 ca Reduced 
arm volume therefore vaned in these three control readmgs through a 
range of 5 cc 

At the beginning of each expenment determinations w'Cre made in this 
way at intervals of 10 to 15 minutes until 3 consecutive readings were ob- 
tained witli a total vanation of 5 cc or less This occurred frequently as 
in Fig 4 m the first 3 determinations, but more often the first 2 or 3 read- 
ings showed a greater vanation usually in the direction of an apparent 
decrease in arm volume This may have been due to the removal of 
small amounts of tissue fluid from the arm, or to slight change in the re- 
lation between the pledij-smograph and the arm The final agreement, 
however, was at times as close as 1 to 3 cc , with vanations lying m a 
haphazard way both above and below the average value, as shown in the 
control penod in Fig 5 In the expenments where total vanation could 
not be reduced to less tlian 5 cc. after a number of tnals the observations 
were discontinued, usually with the discovery of a hidden leak m the 
inner bag, or of an unequal distnbution of the folds in the inner bag 

Having obtained three control readings within the hnuts mentioned 
above, venous congestion wms applied for a given penod of time. One 
minute after the release of the congestion reduced arm volume was de- 
termined again The difference between this last reading and the average 
of the 3 control readings indicated the volume of "tissue fluid" which had 
accumulated dunng the penod of congesbon and sbll remained m the 
tissues It IS likely that the lymph vessels w ere empbed by the external 
pressure in the same way as the blood vessels, so that the mcrease in 
reduced arm vnlume represented the volume of "bssue fluid ” 

At the end of the expenment the apparatus was removed and the ap- 
proximate volume of the segment of arm enclosed by the plethysmograph 
was determrned The upper and lower boundanes of the inner bag were 
clearly marked on the skin since the folds of rubber produced elevabons 
in the skin not unlike minute linear wheals The arcumference of the 
arm was measured at both boundanes and from the average circumference 
and the length of the arm segment the volume could be computed This 
method of measurement was only approximate but nevertheless agreed 
fau-ly well w ith determinabons of volume made by displacement of water 
Moreover examinabon of the data below will show that other unavoid- 
able vanabons made a more exact measurement unnecessary In sub- 
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ject A T the volume of forearm within the plethj'^smograph was betv'een 
445 and 540 cc , m subject E L between 580 and 690 cc , the exact figure 
depending upon the nearness of the plethysmograph to the elbow 

The rate of filtration at a given venous pressure was computed by 
dividmg the increase in reduced arm volume by the duration of the con- 
gestion and by the volume of the arm segment The filtration rates are 
expressed m terms of cc of fluid filtered per minute per 100 cc of arm 



Fig 5 Chart Shovung the Accumulatiok of Tissue Fluid (cc per 
100 cc OF Arm) Produced by Venous Congestion of 15, 20, 30, 40 and 
50 CM Water Pressure Applied over a Period of 30 Minutes 


To the right is shown the removal of the tissue fluid after release of the 
venous congestion 

Each dot or arde represents a determination of reduced arm volume, 
requmng horn 4 to 5 minutes’ stoppage of circulation 

Wfliere volume changes alone axe mentioned they are recorded in terms of 
cc of fluid per 100 cc of arm 

The further details of method apply only to single groups of expen- 
men ts and will be taken up under the appropnate headings 

Observations 

(a) Hyperemia and reduced arm volume The usefulness of the pres- 
sure plethj smograph depended upon the extent to which the reduced 
arm \olumes were independent of vascular tone This was tested by 
companng the reduced arm volumes determined during normal circula- 
tion with those determined dunng reacPve hvperemia Figure 4 shows 
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one of these expenments with 3 control determinations of reduced arm 
volume, each begun during normal circulation , and a fourth determination 
\\hich was begun m the middle of the reactive hyperemia which followed 
the last control obscivTittons Arm volume, due to ^’ascuIar dilatation, 
was 2 4 cc higher, but reduced arm volume was within 0 1 ca of the last 
control reading 

In a group of sin similar expenments arm volume was from 1 3 to 7 0 
cc. greater in the hyperemic penod which followed the complete occlusion 
of arculation for 5 to 10 minutes Reduced arm volumes were unchanged 
or slightly less in 3 instances, and greater by only 0 1,03 and 0 4 cc in the 
other three It may be noted also in Fig 4 that when the determination 
of reduced arm \olume was made dunng hyperemia the change in volume 
dunng the first few' mmutes was greater, and the time required for the 
\oIume cliange to reach the rate of 2 cc per 30 seconds was longer 
This was to be expected since a greater mass of blood must be e.\pressed 
when the xessels are dilated 

Since the reduced arm volume was independent of vascular dilatation 
of the magnitude descnbed above, it seemed safe to assume that the or- 
dinary spontaneous changes in vascular tone had no significant cfiTect on 
reduced arm volume This, in fact, was frequently observed in single 
expenments, arm volumes often vaned through a range of 3 cc or more 
dunng the penod when control readings were made, while the reduced 
\oIumes differed only by 1 to 3 cc 

(6) Tlie relation between filtration rate and venous pressure The min 
imal venous pressure required to produce filtration, and the change in the 
filtration rate with vanous degrees of venous congestion w'ere studied 
in both subjects Room temperature was between 20 0° and 21 5° C 
with the exception of one expenment in which it was 18 1° The temper- 
ature of the water in the plethysmograph was between 26 8° and 30 5° C 

In the preliminary control pienod (Fig 5, Protocol 1) venous pressure 
was determined, and three or more readings of volume were made in 
order to demonstrate that arm volume was not changmg significantly 
Five minutes after the end of the last control reading the wide armlet was 
inflated to the desired pressure The effectiveness of the lesser degrees 
of congestion (12 5 to 30 cm wrater) was venfied by measuring venous 
pressure m the hand (Protocol 1) The venous congestion was continued 
for 30 mmutes and then released One minute was allowed for the es- 
cape of the blood temporarily accumulated in the arm by the congestion , 
as shoivn by the ordmary plethysmograph records (Fig 1) this escape is 
practically complete in 45 seconds or less At the end of this minute a 
determmation of volume was begun, and later at mtervals the determina- 
tions were repeated to follow the subsequent removal of the fluid 

Figure 5 shows the change m reduced arm volume, ex-pressed m cc. 
per 100 cc of arm, shown by subject A T during and after a 30 mmute 
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penod of venous congestion with 15, 20, 30, 40 and 50 cm water pressure 
A circle or dot represents a determination of reduced arm volume, each 
of which required the complete stoppage of circulation during 4 or 5 
minutes The lines therefore represent the change in the volume of tissue 
fluid in relation to the time when the blood was actually flowing through 
the arm This period alone is of significance in relation to filtration or 
absorption 

Dunng the control period the maximum variation in reduced arm vol- 
ume was slightly less than 1 cc per 100 cc of arm With a venous pres- 
sure of 15 cm water there was no demonstrable change in reduced arm 
volume, but with a venous pressure of 20 cm it had increased at the end 
of 30 minutes by over 2 cc per 100 cc This increase in reduced arm 
volume was greater with higher venous pressures, amounting to almost 
2 cc per 100 cc after 30 minutes’ congestion with 50 cm water pressure 
The details of an expenment with a venous pressure of 20 cm water are 
given in Protocol 1 

The fact that the higher degrees of congestion produced a greater 
distention of the vessels and a correspondingly greater accumulation of 
blood in the arm made it necessary to determine whether this factor in 
Itself affected the reduced volume measurements It was conceivable 
that reduced arm volume might be increased after congestion merely 
because more blood was imprisoned in the arm pnor to the determination 
Table 1, however, shows clearly that this was not the case In a senes of 


TABLE 1 

Effect of duration of congestion on arm volume and reduced arm volume 


Subject 

Venous 

pressure 

i 

Duration of 
congestion 

Arm 
\olume j 

Temperature of 
plethj smograph 

1 

Chani 

dunn 

Arm 
> olume 

se In volume 

E consesUon 

Reduced arm j 
volume 

Rate of 
filtration 


cm 

minutes 1 

CC 

• C 

CC 

cc 

CC per 


tre fer 




1 


minute per 






1 


100 ec 

A T 

50 

5 

445 

27 1 

15 

1 4 

063 



10 

505 

27 5 

28 

47 

093 



20 

530 

26 8 

23 

66 

064 

1 


30 

520 1 

27 6 

27 

11 6 

075 

E L 

50 

5 

640 

29 4 

31 

29 

091 



10 

680 

29 4 

31 

54 

079 



20 

690 

29 5 

42 

I 12 3 

0S9 

1 

1 


30 

650 

30 5 

1 37 

12 9 

066 


4 separate expenments on each subject venous pressure vas deviated to 
50 cm water for 5, 10, 20 and 30 minutes Arm \olume was observ'cd 
dunng the penod of congestion, and the difference betw.een the volume 
immediateK before the congestion was begun and the \olume at the 
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end of the congestion penod represents the sum of (a) the volume of 
blood retained in the vessels and (b) the volume of the fluid which has 
been filtered into the bssue spaces For companson ^^lth this figure, the 
cliange in reduced arm ^ olume produced by the same penods of conges- 
tion are also given in Table 1 It is e\udent that the change in arm vol- 
ume had no constant relation to the duration of congestion, while the 
change in reduced arm volume clearly depended on the duration of con- 
gestion From this companson it is safe to state that the increase in 
reduced arm volume is not directly related to the volume of blood con- 
tained m the congested vessels, but is due pnmanly to the accumulation 
of tissue fluid 

The rates of filtration m a larger senes of observations on both subjects 
have been computed and charted in Fig 6 to show the relation between 



Fig 6 Chart Showing Relation Between Rate of Fluid Filtra 
TioN (cc PER Minute per 100 cc of Arm) and Venous Pressure (cm 
Water) 

venous pressure and filtration rate This chart includes experiments in 
w hich the congestion penods were between IS and 30 minutes m duration 
Elach subject showed in one expenment no filtration with a venous 
pressure of 20 cm water, but more often filtration was observed at this 
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pressure Filtration was alw ays present at venous pressures of 30 cm or 
over This indicates that there is a definite though small margin of 
safety against the production of edema in man, in that under the temper- 
ature conditions existing in these observations venous pressure could be 
elevated to 15 cm or even to 20 cm water before fluid accumulated m the 
tissue spaces 

It IS difficult to explain satisfactonly the vanations in the rate of 
filtration observed at any one venous pressure Drury and Jones (1927) 
have shown that the rate of filtration dunng venous congestion increases 
as the temperature of the arm is raised In the experiments charted m 
Fig 6 the average temperatures of the arm during the filtration penod 
vaned less than 4 degrees, and most of the determinations were made 
within a range of 2 degrees There is some indication that the variability 
of filtration rate may at times be partly explained by differences in tem- 
perature, but there is no general relationship in our data between higher 
temperature and the higher filtration rates It is probable that another 
factor was more important The filtration rate per 100 cc of arm must be 
related to the extent of the filtering area in the arm, which must depend 
upon the number of open capillaries and their diameters Local factors, 
temperature among others, \\ ere controlled as far as possible, but central 
variations in vasomotor tone could not be excluded and the variations 
in filtration rate may well be related to differences in the filtering area 
produced in this way 

The variations m filtration rate, though distinctly outside the limits 
of expenmental error, were not suffiaent to cause any overlap in the 
values obser\"ed at 20, 30, 40 and 50 cm water pressure As may be seen 
in Fig 6 the average point at vhich filtration begins is apparently 17 cm 
\\ ater, and above this pressure the rate of filtration is directly proportional 
to the difference betAveen venous pressure and 17 cm water This 
straight line relationship between venous pressure and filtration rate per- 
mits the calculation of the average increase in filtration rate which is 
produced by an increment of 1 cm vater pressure, above 17 cm water 
This, determined from the slope of the line in Fig 6, amounts to 0023 cc 
per minute per 100 cc of arm per cm vater pressure This will be com- 
pared later v ith a similar figure computed for the reduction in filtration 
rate w ith increase in the osmotic pressure of the plasma proteins 

(c) The raroial of fluid from the tissues of the forearm Since a venous 
pressure of 20 cm water causes an accumulation of fluid in the tissue 
spaces, the same pressure should prevent the absorption of fluid from the 
tissue spaces, or ev en produce further accumulation The term “ remov al 
of fluid” has been used in the heading of this section because it has been 
impossible to separate defimteh the “absorption” of fluid by the capil- 
laries from the “drainage” of fluid by the Kmphatic vessels The 
measurements of reduced arm v olume could demonstrate merel> that fluid 
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left the arm, not the path it took in leaving Nevertheless the effect of 
venous congestion on the process of restoring the normal fluid content of 
the tissue spaces suggests that absorption is more important with small 
accumulations and that lymphatic drainage is more important with larger 
accumulations 

The rate at nhich fluid was removed from the tissues is indicated in 
the nght hand portion of Fig 5, where volume readings were continued 
after the congestion penod, until all or nearly all of the fluid had been 
removed The individual readings do not provide uniformly smooth 
curves because of the e.\penmental error m single determinations of rela- 
tively small changes in volume, and because the accuracy of the determm- 
ations diminished as the subject became fatigued 

The period required for the removal of an accumulation of fluid de 
pended, as vould be expected, on the amount of fluid present in the 
tissues The larger accumulations, honever, were removed at a slightly 
more rapid rate than the smaller accumulations This is shown m Table 
2, vhere the average rate of removal of fluid has been calculated from 14 
curves of the type shoun in Fig 5 If more than 6cc of fluid per 100 cc. 
of arm was present the fluid was removed at the average rate of 040 ca 
per minute per 100 cc , with variations ranging from 009 to 078 If less 
than 6 cc of fluid per 100 cc of arm was present the rate of removal was 
026 cc per minute per 100 cc , with variations between 012 and 047 
In later observations (Fig 7) the rates observed m the two subjects were 
almost identical, though in earlier experiments E L showed slower rates 
and certain irregulanties The latter were probably due to the use of a 
plethysmograph which fitted the arm too closely 

Knowmg the normal rate for the removal of fluid with venous pres 
sures between 12 and 14 cm of water (Fig 5), the effect of venous conges- 
tion on this process was tested (Fig 7) Wth the subject recumbent 
readings were taken in the usual way during a control penod to demon- 
strate that the volume of the arm was not changmg significantly A 
pressure of 50 cm water was applied to the upper arm for 5, 10, 20 or 30 
minutes in order to produce small and large accumulations of fluid 
The amount of fluid m the tissues at the end of the congestion penod 
was determined Immediately after the circulation was released at the 
end of this reading, the large armlet was distended by a pressure of IS 
cm water This degree of congestion was continued for IS mmutes 
One minute was allowed to elapse in order that the blood previously im- 
pnsoned in the arm might escape At the end of this minute reduced 
arm volume was determined agam, and followed immediately by a IS 
minute penod of venous congestion at 20 cm water pressure. The 
procedure was repeated for a third penod of 15 nunutes with congestion 
of 30 cm water, ^ter w hich the reduced arm volume was agam measured 
Fmally, the process of fluid removal was jienmtted to contmue without 
congestion, while venous pressure w-as measured at frequent mtervals 
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The results of eight experiments of this kind are presented in Fig 7 
which shows that the influence of venous congestion on the removal of 
fluid IS also affected by the amount of the extravascular fluid present A 
venous pressure of 15 cm water conspicuously diminished, but did not 
entirely stop, the removal of fluid w'hen the amount m the tissues was 
less than 6 cc per 100 cc of arm Above this point 15 cm pressure had 
less effect, and wuth the largest accumulations the rate of removal w'as in 
no w ay different from that observed wnthout congestion 



Fig 7 Cuart Show-ing the Effect of Vexous Covgestion ox* the 
Removal of Tissue Fluid from the Arsi 
Each dot or arde represents a determination of reduced arm volume, 
requinng from 4 to 6 minutes’ stoppage of arculation 

A pressure of 20 cm water diminished the rate of removal of smaller 
accumulations conspicuously and of the larger accumulations only 
slightly A pressure of 30 cm. water produced filtration in all but one 
experiment in which a v er\' slow removal of flmd was observ’ed 

The average rates at which fluid was remov^ed under these conditions 
hav c been calculated from the curv es m Fig 7 and summanzed in Table 2 
It IS obvnous that the process of fluid removal was, with small accumula- 
tions, modified by 20, or ev en b> 15 cm w ater pressure, w hich suggests 
that true absorption through the capillarj' vail is responsible for the re- 
mov t1 of small collections of tissue fluid 
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TADLE 2 

Effect of venous congeslion on removal of tissue fluid 


Venoai prejRire 

Rate of fluid removal 

With than ^ cc. of fluid 

per 100 cc. of onn 

Wth more Uam 6 cc. of fluid 
per 100 cc. of arm 

oji witr 

ee pft mtnutf ptr iOO ct 

n: mtnuU ptr 100 ce 

12-14 

026 

MO 

IS 

007 

OSS 

20 

002 

034 

30 

(018)* 

( 003)* 


( ) * — AccumulaDon of fluid instead of removal of fluid 


WTien the amount of fluid in the arm was greater, however, the effect 
of each congestion pressure on the rate of removal was conspicuously less 
A A enous pressure of 30 cm water increased the volume of tissue fluid at 
rates from 022 to 039 cc. per minute per 100 ca in a forearm m which no 
previous filtration had occurred The highest rate observed with this 
grade of congestion superimposed on an earlier filtration was 022 ca per 
mmuteper lOOcc The average filtration rate observed with 30 cm water 
pressure in the presence of a previous accumulation of fluid was about half 
that produced m the absence of such an accumulation Moreover, with 
\ cry large accumulations of tissue fluid, 30 cm water was observed to lose 
completely its power of producing an increase in the volume of tissue 
fluid It appears from these observations that the presence of an ac- 
cumulation of fluid in the tissue spaces reduces the power of the lesser 
grades of venous congestion to produce a further increase m the volume 
of tissue fluid There is some mechanism which facilitates the removal of 
fluid and w hich makes further accumulation more difficult. The relation 
of these findings to tissue turgor and to lymph drainage will be discussed 
below 

(<i) Tlie colloid osmotic pressure of the blood and the rate of fluid filtration 
during venous congestion The change from the reclming to the standmg 
position IS followed by the filtration of wmter and diffusible constituents 
from the blood into the tissues of the lowxr extrenuties (Thompson, 
Thompson and Dailey, 1928, Harrop and Waterfield, 1930) with a conse- 
quent increase m the blood protem concentration The colloid osmotic 
pressure of the blood may be mcreased by this procedure by as much as 
12 cm of water, as reported by Ni and Rehberg (1931), though in their 
experiments water mtake was considerably increased 

In a senes of six expenments the colloid osmotic pressure of the blood 
was elevated by standing, and the rates of filtration into the arm tissues 
were then determined for companson with those observed m the same 
subjects when recumbent. It was found that with a given venous pres- 
sure the filtration in the arm of the standing subject was uniformly less 
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Three observations were made on each of the two subjects, uith ven- 
ous congestions of 25, 30 and 40 cm water The experiments were per- 
formed m pairs so that on one day the filtration was determined both in 
the recumbent and m the standing position, with the single exception of 
Expenment 2 (Table 3) The salient features of a complete experiment 
are outlined in Protocol 2 The subjects stood w ith their backs against 


PROTOCOL 2 


February 5, 1931 Subject E L Plethysmograph on right arm 


Ttmc 

10 00 A M 

10 30-1100 AM 

11 15 AM 
11 26 A.M 

11 36 AM 

1146AM to 12 01 PM 

12 02 P M 
12 IS P M 

12 16 PM 

2 25 P M 

2 55 PM 

3 OS P M 
3 IS PM 

3 25-3 40 P M 
3 41PM 
3 55 P M 

3 56 P M 


Remartr 

Subject b^an standing against board inclined at 75° 
Forearm at level of suprasternal notch 
Difficulties in adjustment of plethjsmograph Readings 
of reduced arm wlumc inconstant 
Reduced arm wlume 71 6 cc 
Reduced arm volume 71 7 

Reduced arm volume 71 4 (Awrage of control readings 
71 6) 

Venous congestion of 40 cm v’ater pressure 
Reduced arm volume 6S 7 cc (\^olumc increased 2 9 cc ) 
Blood sample (Protein 8 5 per cent, colloid osmotic 
pressure 43 7 cm water) 

Volume of arm segment 635 cc. Filtration rate 030 cc 
per minute per 100 cc of arm ObscivTition terminated 
Subject reclined Plethysmograph adjusted Readings 
of reduced arm volume at first inconstant 
Reduced arm TOlume 84 6 cc 
Reduced arm wlume 84 9 

Reduced arm volume 85 1 (A\cragc of control readings 
84 9) 

Venous congestion of 40 cm water pressure 
Reduced arm volume 80 6 cc (\^olume increased 4 3 cc ) 
Blood sample (Protein 7 6 per cent, colloid osmotic 
pressure 38 7 cm water) 

Volume of arm segment 605 cc Filtration rate 047 cc 
per minute per 100 cc of arm ObseiAWtion terminated 


a support inclined at an angle of 75'’ to the floor The hydrostatic and 
vascular changes m this position are practically identical with those of the 
completely vertical position (Turner, New’ton and Haynes, 1930), while 
the subjects could stand more quietly and for longer times than would 
otherwnse have been possible The greater muscular relaxation thus 
obtained was advantageous not only because it increased the accumula- 
tion of fluid in the legs (Harrop and Waterfield, 1930) but also because it 
permitted more accurate V’olume determinations The arm W'as sup- 
ported on a high table, w ith the upper surface of the forearm at the level 
of the suprasternal notch The flexion of shoulder and elbow was ad- 
justed to the position of greatest comfort 

While the subject was standing the plethysmograph was filled and 
adjusted as m the reclining experiments The burette was raised on its 
standard so that the surface of the water could be kept level v ith the 
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upper surface of the plethysmograph In the control period readings 
were taken as usual until the consecutive readings were constant At 
the time when venous congestion was begun the subjects had been stand- 
ing for periods ranging from 53 to 102 minutes Venous congestion of 
25, 30 or 40 cm water was applied for 15 or 30 minutes One minute 
after this congestion was released another determination of reduced arm 
volume was made As soon as possible after this a blood sample i\as 
removed from an antecubital vein, without congestion except for the 
few seconds required to introduce the needle into the vein Protein per- 
centage was estimated by the Zeiss Eintauch-Refraktometer, and the 
colloid osmotic pressure of the blood was determined by the method of 
Krogh and Nakazawa (1927), using plasma with oxalate in expenments 
1 and 2, and blood serum in the remainder 

The subjects, after a rest period of 1 to 2 hours, reclined and the de- 
termination of filtration rate was repeated A second blood sample uas 
removed after this congestion penod and treated in the same way as the 
first sample The order of the expenments was arranged so that the 
reclining obsen'ation usually followed the standing observation, which 
permitted double companson with the reclining filtration rates The 
two expenments were separated by a rest penod several times longer than 
was required to absorb the fluid filtered dunng the first congestion , yet 
It vas barely possible that even slight filtration several hours before might 
modify the rate of filtration in the second observation When the stand- 
ing observation preceded it was possible to compare standing filtration 
not only with the control done on the same day, but also \\ ith the maxi- 
mum range of vanation in the reclining position, shown in Fig 6 In 
addition, however, the order Wcis reversed in experiment 4 (Table 3) 
ivithout effect on the result 

The SIX pairs of observations are summarized in Table 3 The filtra- 
tion rates observ ed in the standing position were without exception louer 
than the lowest filtration rates observed in earlier reclining expenments 
(Fig. 6) on the same subjects Companson of the paired observations 
shoi\s that colloid osmotic pressure was from 3 3 to 8 7 cm water higher 
in the standing position, while the rates of filtration were from 014 to 
032 cc per minute per 100 cc low'er 

It was mentioned aboi e that a nse of 1 cm water in venous pressure 
fabo\e 17 cm water) increased the a\erage filtration rate by 0023 cc 
per minute per 100 cc \Mien the change in filtration rate in the standing 
position IS dmded by the change in colloid osmotic pressure it is found 
that a nse of 1 cm water in colloid osmotic pressure is accompanied by a 
decrease in filtration rate of 0027 to 0045 cc per minute per 100 cc 

The colloid osmotic pressure of the blood v as also increased in the 
recumbent subject b\ \enous congestion of the legs Two large pneu- 
matic cuffs were placed around the thighs and inflated to a pressure of 
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65 cm water for a penod of 2 to 3 hours Filtration rates were deter- 
mmed at intervals while the blood was being concentrated and compared 
•ft ith repeated colloid osmotic pressure determinations There was always 
a diminution in the rate of filtration as the colloid osmotic pressure of the 
blood increased The change in filtration per unit change in colloid 
osmotic pressure a as in one instance below 0023, but in all other instances 
above, agreeing with the standing experiments The total change in 
colloid osmotic pressure W'as less and the results were therefore much less 
uniform than tliose obtained dunng standing 

DISCUSSION 

It was realized throughout these studies that a method which re- 
quired as much modification of arculabon as the one described above 
must be controlled carefully to avoid improper conclusions based on 
artefacts It has already been shown in connection with Fig 3 and Table 
1 that within the hmits of these expenments variations in the amount of 
blood contained in the vessels prior to the determmation did not mtro- 
duce significant errors into the final readings of reduced arm volume 
Two other possible sources of error remain to be considered first, the 
possible filtration produced by the reactive hyperemia which followed 
each determination of reduced arm volume, and second, the possible 
squeezing out of tissue fluid by the external pressure applied to the arm 

The reacb've hyperemia which followed each 4 to 6 minute penod of 
occlusion elevated venous pressure m the hand (Protocol 1) only dunng 
the first 1 to 2 minutes of the recovery penod This venous pressure, 
always less than 27 cm water, was not sufficient to modify the arm -vol- 
ume permanently as shown by the constancy of the readings dunng the 
control penod which preceded each cxpienment The small amount of 
fluid filtered dunng the minute or two when venous pressure was thus 
elevated could easily be reabsorbed in the penod when venous pressure 
was again below IS cm water 

It was also possible to show that the application of SS cm water pres 
sure to the slan did not express a significant -volume of fluid from the seg- 
ment of arm wnthin the plethysmograph The lymphatic -vessels were 
doubtless emptied in the same way as the blood vessels, and it is very 
unlikely that tissue fluid could be expressed by 55 cm water pressure 
into lymph or blood capillanes collapsed by the same pressure The 
direct movement of fluid through the tissue spaces out of the arm seg- 
ment was prevented by the small external bags above and below the 
plethysmograph which -ivere also inflated to 55 cm water pressure 
Moreover, if fluid had been mechanically expressed dunng the penods 
when external pressure was applied it would be expected that when re 
duced arm volumes were determined more frequently the remo-val of 
fluid should be hastened This was tested several times and, as shown 
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to the nght m Fig 7, the rate of removal was not appreciably raised 
in the period when A'^olume determinations were made twice as frequently 

The purpose of the experiments was to study certain factors in fluid 
balance betw^een blood and tissue spaces under physiological conditions, 
and for that reason low venous pressures and the smallest possible 
amounts of fluid w'ere dealt with Filtration was observed with degrees 
of venous congestion w^hich must exist normally when the arm hangs 
relaxed at the side of the body The total amounts of fluid accumulating 
in the tissues Avere never more than 1/4 the amount required to produce a 
pitting edema The term "edema fluid" has not been used, since the 
Avord edema ordinanly refers to pathological accumulations of fluid, 
which are large enough to distend the tissues Ausibly, or at least large 
enough to pit on pressure 

The results demonstrate that fluid accumulates in the tissue spaces 
AA-^hen average venous pressure is above 17 cm AA^ater This indicates the 
existence of a small but definite margin of safety through Avhich venous 
pressure may be increased without gross disturbance of fluid balance A 
similar margin of safety has been observed in certain clinical conditions 
Avhich are accompanied by a reduction of the colloid osmotic pressure 
of the blood beloAA’^ its normal value of about 36 cm water Iversen and 
NakazaAA'a (1927) state that edema appeared in ambulant patients when 
the colloid osmotic pressure was reduced to betAA'een 24 and 27 cm water, 
AA'hile Mayrs (1926) observed that after recover}' from nephritis edema 
disappeared AA'hen the colloid osmotic pressure rose to betAveen 20 and 23 
cm AAater In a case of inanition edema Landis and Leopold (1930) 
found that the edema disappeared when the colloid osmotic pressure Avas 
elevated to 24 cm water by blood transfusion Thus the colloid osmotic 
pressure of the blood must be reduced by from 9 to 16 cm Avater before 
edema appears, AA'hile venous pressure must be elevated to between 15 and 
20 cm AA'ater before fluid begins to accumulate in the tissue spaces As 
might be expected the agreement is better in the companson with recum- 
bent patients (Ma>TS, 1926, Landis and Leopold, 1930) than Avith am- 
bulant patients (Iversen emd NakazaAAa, 1927) 

This margin of safety is much less than that found by Mende (1919) in 
certain experiments inA ohang A'enous congestion The venous pressures 
AAhich he found to be assoaated AAith the first measurable filtration must 
haAcbeen too high since change in limb A'olumeA\as estimated bj measur- 
ing the circumference of the limb, a method AAhich is totally inadequate 
for the detection of small accumulations of fluid In addition the con- 
gestion AAas produced by a narroAA pneumatic cuff so that true aenous 
pressure must haAC been significantly less than the pressure in the cuff 
itself 

The relationship between the gradient of capillary pressure and the 
colloid osmotic pressure of the blood offers an explanation of this margin 
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of safety According to direct measurements in human skin (Landis, 
1930) average capillary pressure m the arteriolar loop is 43 cm water and 
in the \'enous loop, 16 cm water The normal colloid osmotic pressure of 
the blood is about 35 to 36 cm water Thus blood pressure m the arteno 
lar end of the capillary sjstem is only 7 to 8 cm uater higher than the 
colloid osmotic pressure of the blood, while capillary pressure in the 
venous end of the capillary system is from 19 to 20 cm lower than colloid 
osmotic pressure, the difference becoming still greater in the subpapillary 
\enous plexus, or in the first venous nehvork Even if the filtenng and 
absorbing surfaces were exactly equal in area, the balance would fa^or 
absorption, as long as the capillary wall was almost or completely im 
permeable to protein It is practically certain also in the case of skin, and 
quite likely in the case of muscle, that the absorbing surface is greater in 
extent than the filtenng surface This would probably provide a slight 
margin of safety e\en if the capillary w'all in mammals were normally 
permeable to protein to the extent claimed by Harrop and Waterfield 
(1930) and by Dnnker and Field (1931) 

To produce a preponderance of filtration it would be necessary to 
raise venous pressure until the average difference between capillary pres- 
sure and colloid osmotic pressure in the absorbmg area was shghtly less 
than the average difference between these two pressures m the filtenng 
area. With the figures given above this should occur at slightly over 25 
cm water pressure Actually, tissue fluid rmght be expected to accumu- 
late at a shghtly lower pressure since venous congestion must also raise 
the pressure in the artenolar end of the capillary network to a slight 
extent 

The effectiveness of 20 and 30 cm water pressure in preventing the 
removal of fluid from the tissues, when the total accumulation was less 
than 6 cc per 100 cc. of arm, makes it hkely that rnth such small ac 
cumulations the fluid is removed chiefly by true absorption This must 
depend pnmanly upon the slight excess of colloid osmotic pressure over 
average capillary pressure, when the capillary area is considered as a 
w hole It IS possible to compute the average pressure through the whole 
capillary area from this rate of absorption A difference of 1 cm water 
in venous pressure changed the filtration rate by 0023 cc per minute per 
too cc (Fig 6) Normal absorption (Table 2) occurred at the rate of 026 
cc per minute per 100 cc Average pressure through the whole capillary 
network and the subpapillaiy venous plexus must therefore have been 
11cm water lower than average colloid osmotic pressure With a colloid 
osmotic pressure of 35 to 36 cm water, average capillary pressure must 
have been about 24 to 25 cm water This agrees with the direct measure- 
ments (Landis, 1930), in which average pressure in the artenolar loop was 
43 cm water, and in the venous loop 16 cm water A difference of 1 cm 
water m colloid osmotic pressure produced an average change in filtration 
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rate of 0036 cc per minute per 100 cc , and this figure, used in a similar 
calculation, indicates that capillary pressure was bePiS'een 28 and 29 cm 
water 

When more than 6 cc of fluid per 100 cc had been filtered, venous 
congestions of 15, 20 and at times even of 30 cm water pressure failed to 
cause an increase in the volume of tissue fluid With a venous pressure 
of 15 cm water tissue fluid was removed at the usual rate, and even 20 
cm water pressure diminished the rate of removal very slightly This 
in itself indicates that some other factor was favoring the removal of 
fluid and hindenng a further increase in the volume of tissue fluid This 
can be shown also by a calculation similar to that given in the preceding 
paragraph In Table 2 it is shown that with a venous pressure of 15 cm 
water the fluid was removed at the average rate of 055 cc per minute per 
100 cc. If this were done by absorption alone it would require an average 
capillary pressure between 11 and 12 cm water Venous pressure, how- 
ever, was 15 cm water and since capillary pressure cannot be less than 
this, it IS obvious that another factor must be involved in the removal of 
these larger volumes of fluid Similar calculations applied to the move- 
ment of fluid dunng congestion at 20 and 30 cm lead to the same con- 
clusion 

Two factors that may be concerned with the more rapid removal of 
the larger collections of fluid are tissue turgor and lymphatic drainage 
It IS unlikely that tissue turgor plays an important part because it would 
require tissue pressures of as much as 15 cm water to modify the rate of 
fluid removal to the extent shown in Table 2 It is more likely, when 
larger amounts of fluid have collected in the tissue spaces, that fluid passes 
into the lymphatic vessels at a rate which can exceed the rates of filtration 
produced by venous pressures of 15, 20, or 30 cm of water 

The rate at which edema forms when the veins of tlie leg are congested 
has been studied by Drury and Jones (1927) They used an ordinary 
plethysmograph but by prolonging the penods of observation to 30 min- 
utes, and by using relatively high grades of venous congestion (40 to 80 
mm Hg), they apparently avoided the irregularities resulting from spon- 
taneous vasomotor vanations They showed that when temperature 
i\as increased 10° C the rates of filtration became conspicuously higher 
Companson can be made therefore only with the filtration rates they 
observ'ed at the temperature of 26° C The filtration rates observed m 
the leg at high \ enous pressures w ere xery much less than those observ'cd 
in the arm at low er ^ enous pressures This must be related to the greater 
proportion of bone in the leg and particularly in the foot, which would 
reduce the rate of filtration per 100 cc of tissue Onl> three congestion 
pressures were used by Druiy and Jones, but the corresponding filtration 
rates fell on a straight line, in agreement w ith the findings in the arm 
Moreo%er, from the slope of this line, it may be concluded that at 26° C 
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a venous pressure somewhat less than 20 cm of water would be suffiaent 
to produce the accumulation of fluid in the tissue spaces of the leg 

The cliange m filtration rate accompanying a change of 1 cm water m 
venous pressure v'as 0023 cc. per minute per 100 cc The change in 
filtration rate accompanying the same unit change in the colloid osmotic 
pressure of the blood was 0027 to 0045 cc. per minute per 100 cc The 
filtration differences arc of the same order of magnitude but nevertheless 
a nsc of 1 cm in colloid osmotic pressure was accompanied uniformly by 
a greater change m filtration than was the case with a correspondmg 
change in venous pressure All other factors remammg constant it 
would be c.xpccted theoretically that the effect of unit change in these 
two forces would be idenbcal It is probable, however, that e-Ktraneous 
factors have made tlie first figure lower, and the second figure higher, than 
the correct value 

WTien venous pressure is raised by 1 cm w ater, it does not follow that 
general capillary pressure throughout the entire network is also raised by 
the same amount, because of the gradient of pressure fall m the capillary 
nctw ork. As blood flow is diminished by the higher grades of congestion 
the pressure gradient in the capillary network would be reduced and the 
blood m the filtering area would be renewed at a slower rate. Both of 
these changes would tend to dimmish the slope of the straight hne in 
Fig 6 This is compatible e\en with a straight hne relationship between 
venous pressure and filtration rate since the correspondence between 
venous and capillary pressures must depend upon the grade of venous 
congestion The real change in filtration rate which accompanies a 
change of 1 cm water in capillary pressure is therefore probably slightly 
greater than 0023 cc per minute per 100 cc 

It IS certam tliat standing modifies the mechames of circulation and 
that the vascular system responds with varying effiaency to changes m 
posture (Turner, Newton and Haynes, 1930) In the standing position 
the volume of blood available for general arculation must be reduced not 
only by the blood distending the abdominal and leg veins, but also by the 
fluid which filters into the leg tissues After prolonged penods in the 
standing position the dumnution of circulating blood volume may produce 
dizziness or actual fainting In one subject (A T ) it was necessary to 
diminish the dizziness by slow movements of the legs dunng the latter 
part of the standing penods This dizzmess or fainting mdicates that 
blood flow in the more elevated portions of the body must be reduced by 
the stagnation of blood in the more dependent parts A diminution of 
blood flow through the arm would tend to flatten the gradient of capillary 
pressure in those portions of the network where it exceeded the congestion 
pressure Moreover, less fluid would be filtered at a given venous pres- 
sure because the blood in the arm would be renewed at a slower rate 
Both changes would tend to dimmish the filtration of flmd Smee stand 
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ing produced not only an increase in colloid osmotic pressure, but also 
circulatory changes of the nature described, the change in filtration rate 
was probably greater than that produced by colloid osmotic pressure 
changes alone An attempt to dissociate the change in filtration due to 
the vascular factor from that due to change in colloid osmotic pressure 
w as unsuccessful since in the normal subject an increase in blood colloid 
osmotic pressure could be obtained only by methods w'hich also diminished 
the volume of the circulating blood 

It seems probable that a rise of 1 cm in colloid osmotic pressure is 
accompanied by a diminution of filtration rate which is something less 
than 0027 to 0045 cc per minute per 100 cc , while a rise of 1 cm in 
capillary pressure is accompanied by an increase of filtration rate w Inch 
IS something more than 0023 cc per minute per 100 cc The true change 
in filtration rate produced by these two forces should be numerically iden- 
tical, and probably lies somew'here betiveen the two figures observed 
The experiments present no evidence which is incompatible wuth the ap- 
plication of the Starling conception of fluid balance to man 

The above calculations could be made only with the basic assumption 
that the normal capillary w all is at most very slightly permeable to pro- 
tein, so that the effective colloid osmotic pressure is practically equivalent 
to the total colloid osmotic pressure of the blood But if tissue fluid and 
Kmph are w’holly identical as claimed by Drinker and Field (1931) the 
outer surface of the capillary wall must be bathed in a fluid containing 
between 2 and 3 per cent of protein 

It IS difficult to associate the margin of safety obseiw^ed in the studies 
descnbed above wnth the very low effective colloid osmotic pressure that 
must result from the presence of an extravascular fluid containing from 
1/3 to 1/2 as much protein as blood In addition, if the fluid, as filtered 
through the capillarj' w’all, had contained from 2 to 3 per cent protein, the 
absorption of the smaller accumulations of tissue fluid (Fig 7) should have 
been stopped by this protein and arm volume should not ha\e returned 
to normal It w ould be expected, too, that w ith such a reduction in effec- 
tn e colloid osmotic pressure, the change in filtration rate per unit change 
of total colloid osmotic pressure should have been less than the change in 
filtration rate with unit change of ^enous pressure, whereas actually the 
re\ ersc w as found 

A possible mechanism of Ij mph formation suggested by Dnnker and 
Field (1^31, p 36) is that " the filtrate from the blood capillaries to 
the ti'^ue spaces contains water, salts and sugar in the concentrations of 
the blood, together with serum globulin, serum albumin and fibnnogen in 
low concentration, lower probablj than that of tissue fluid or Ijmph, that 
water and salts are reabsorbed b\ the blood \essel5 and the protein enters 
the Kmphatics together with water and salts in the concentration existing 
in the tissue fluid at the moment of 1\ mphatic entrance ’’ 
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According to this view, however, tissue fluid must vary from a filtrate 
w itli low protein content, immediately about the filtering capillary area, 
to a conccntrited fluid containing more protein, near the absorbing areas 
and adjacent to the lymphatics Lymph, being composed of the latter 
type of tissue fluid, must usually have a higher protein concentration 
than the average tissue fluid bathing the outside of the capillary wall 
Analyses of lymph cannot, in general, provade defimte information con- 
cerning the av'erage protein content of the tissue fluid surrounding the 
capillary wall The protein in lymph must vary widely, dependmg, 
among other things, on the rate of filtration and the relative amount of 
absorption The slower the filtration and the more complete the reab 
sorption, the more will the composition of lymph differ from that of the 
capillary filtrate, and from that of average tissue fluid The more rapid 
the filtration and the less complete the reabsorption, the more nearly 
will both average tissue fluid and lymph resemble the fluid filtered through 
the capillary wall 

In certain mechanical filtration edemas the extravascular fluid has 
been found to contain very low concentrations of protein, even consider- 
ably below 0 1 per cent (Beckmann, 1921, Achard, 1930, Landis and 
Leopold, 1930) In edema of this type the pressure condihons favor 
filtration and probably dimmish absorption considerably The com- 
position of tlie tissue fluid must therefore resemble that of the capillary 
filtrate quite closely 

From the data available at present, it seems most likely that the nor- 
mal capillary wall is not absolutely impermeable to protein, and that an 
exceedingly slight leakage of protein occurs rather generally The con- 
centration of protein in the capillary filtrate can certainly be less than 
0 1 per cent, and the relatively high protein content of lymph is probably 
due to reabsorption of water and salts from the onginal capillary filtrate 
The changes in filtration rate produced by changes in venous pressure and 
in the colloid osmotic pressure of the blood are in accord with this view 

SUilMARY 

The movement of fluid through the human capillary wall was studied 
by means of a pressure plethysraograph, which collapsed the blood vessels 
and thus permitted the accurate determination of small changes in tissue 
volume It was shown that within certain hmits the determinations of 
volume change were not significantly influenced by hjTieremia or by 
previous engorgement of the veins 

Fluid accumulated in the tissue spaces when venous pressure was 
greater than 15 or 20 cm water Above an average venous pressure of 
17 cm water the rate of filtration was directly proportional to the increase 
in venous pressure A unit rise in venous pressure (1 cm water) increased 
the filtration rate by 0023 cc. per minute per 100 cc of arm 
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The rate at which fluid was removed from the tissue spaces depended 
on the size of the accumulation of fluid, being distinctly more rapid vith 
large amounts ^^fllen less than 6 cc of fluid per 100 cc of arm v as pres- 
ent, the removal of fluid was retarded by elevating venous pressure to 
15 or 20 cm water, which was taken to indicate that small amounts of 
fluid were removed chiefly by true absorption Wflien more than 6 cc of 
fluid per 100 cc of arm was present the fluid was removed in spite of 
slight grades of venous congestion In this connection the relative im- 
portance of tissue turgor and lymphatic drainage is briefly considered 
When the colloid osmotic pressure of the blood was elevated by stand- 
ing, the rate of filtration produced by a given venous pressure was uni- 
formly lower A unit rise in colloid osmotic pressure (1 cm water) was 
accompanied by a fall in filtration rate varymg between 0027 and 0045 
cc per minute per 100 cc of arm 

The observations are discussed with reference to capillary pressure and 
fluid balance in man 
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THE PLASMA PROTEINS IN RELATION TO 
BLOOD HYDRATION 

VII A Nott on Tnn Protepjs in Acute NErnRiris 
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(From the Department of Internal iledicine of Vote Unmrsity and the Medical Service of 
the New Haven Uospttal New Haven) 

CRccci\*cd for publicntion Jul> 13 1931) 

Tlie preceding paper (1) of this senes dealt with the serum proteins 
in chronic nephntis of tlie nephrotic tyjjc A close relation Mas estab- 
lished between the concentration of protein in the serum and the occur 
rcnce of edema E\ idcncc w as presented to show that the serum protein 
reduction which in\oK'cs only the albumin fraction was chiefly the prod- 
uct of two factors loss of serum albumin in the unne and molnutntion 
In this paper a similar anal>’sis will be made of the serum proteins m 
acute nephntis The total serum proteins were determined 85 times on 
38 patients, in 55 instances in 22 cases the albumin and globulin fractions 
were separate!!' determined The ages of the patients ranged from 2 to 
60 years The infections which preceded and were presumably the etio- 
logical factors provoking nephritis, as well as the outcome of the disease, 
arc tabulated below 


Antecedent Infection 



Number of catet 


Total 1 

IQQj 




Scarlet ferver 

TonailliUs and other upper respiratory 

6 i 

2 

2 


0 

infecuona 

16* 

2 

'* 

5 

2 

Rheumatic fever 

4 

0 

3 1 

1 ! 

0 

Lobar pneumonia 

S 

I 

1 

2 

1 

Empyema 

1 

1 

0 

0 

0 

Autohcmoagglutination 

1 

1 

0 

0 

0 

Unknown 

s 

1 

3 

0 

1 


3S 






* One of these patients also had severe impetigo contagiosa 


The great majonty of patients who have been labelled “improved” 
probably recovered completely, but could not be followed long enough to 
make this certain Of the “unimproved” there is reason to beheve that 
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PLASMA PROTEIN IN ACUTE NEPHRITIS 


most or all died or developed the chronic form of the disease The second 
group, "tonsillitis or upper respiratory infections," is chiefly composed of 
patients uith hemolytic streptococcus infections Some of them prob- 
ably belong m the scarlet fever category, but escaped because they pre- 
sented no exanthematous lesions The disease in one of the patients in 
the scarlet fever group began after a sore throat w hich was unaccompanied 
by any rash Because her sister had scarlet fever, the hemolytic strepto- 
cocci recovered from the throat of the patient were tested and found to be 
of the scarlet fever vanety 

The disturbances of the serum proteins appear to be related neither 
to the ages of the patients nor to the etiological agents concerned in the 
production of the disease 

Figure 1 shows the level of the serum proteins, protein fractions and 
the oncotic pressure in all observations, and the relation of each one of 
these factors to the occurrence of edema As in the chronic nephrotic 
forms of the disease edema was always present when the total protein 
concentration was less than 4 per cent and, with one exception, ^vhen 
albumin was below 2 20 per cent On the other hand, it often occurred 
when the protein and albumin concentrations were above 5 per cent, and 
occasionally even when they were well within the normal limits The 
natural inference to be drawn from the figure is thatvhile oncotic pressure 
is quite as influential in the production of edema in acute nephntis as it 
IS in the chronic nephrotic condition, some additional factor is active in 
the acute condition Moore and Vem Slyke (2) and others (3, 4) have 
reported similar observ^ations 

In Figure 2 the same phenomenon has been illustrated in a different 
manner In this figure the absassae represent the length of time which 
has elapsed since the onset of nephntic symptoms, the ordinates the serum 
protein concentration Solid arcles indicate edema Near the onset of 
the disease edema is found often enough when the serum proteins are high 
As the disease progresses, how ever, edema disappears unless the proteins 
fall It IS, of course, impossible to draw sweeping conclusions from such 
semi-statistical treatment of the data The majonty of the patients w ho 
maintained a high protein level throughout the disease recovered rapidly 
Therefore, tow ards the nght of the figure, the hollow arcles at high levels 
represent chiefly convalescent or reco\ered cases, the solid arcles at 
low le\els cases that failed to improve or passed through a long nephrotic 
stage The de^ elopment of serum protein defiaency in the latter may be 
onh e\adence of ad\ ance of the disease, the disappearance of edema in the 
former, e\adence of reco\erj' The records of certain individual cases 
in the senes make this explanation unsatisfactory 

Number 6S2S5, male, aged 4S, was admitted on the 17th daj of the 
disease w ith a profuse albummuna, blood pressure of 150/110 and a blood 
nonprotem nitrogen of 39 ragm perl 00 cc He had moderate subcutane- 
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2 Aibc/rwit?, per cent 



Prolein, per cent 


Fig 1 The Relation of Serum Proteins to Edejia in 
Acute Nepdeitis 

Estimation of the degree of edema is quite rough ± indicates shght 
pufhness of the eyes, or shght swelling of the feet noticed by ambulatory 
parents at the end of the day + represents persistent, demonstrable swelling 
of the feet 2 +, more extensive subcutaneous edema 3 +, subcutaneous 
edema and serous effusions 4 + extreme general anasarca 

Oncotic pressure was calculated from the serum protein values by the 
factors of Govaerts (6) (S 5 X per cent albumin) + (14 per cent globulin) 
“ oncotic pressure in mm Hg 
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ous edema, but diuresis had already actively begun The serum proteins 
Mere 6 18 per cent, albumin 3 84 per cent The edema showed no tend- 
ency to recur although the serum protein as late as the 46th day was 
only 5 92 per cent, with only 3 69 per cent of albumin Meanwhile the 
blood pressure had fallen to normal, but the proteinuria continued un- 
diminished In this case edema appeared and disappeared in the course 
of the disease wnthout relation to the serum proteins, which never fell 
far below the normal limits 



Fig 2 The Relation* of Serum Proteins and Edema to the 
Duration of the Disease 

Solid dots represent patients Mith edema, open ardes — patients without 
edema, ringed dots — paUents with distinct eNidence of heart failure with 
edema 

In seteral cases proteins at the first examination were found some- 
what reduced and rose later in the course of the illness, while proteinuria 
and other endences of nephritis continued In these instances edema 
disappeared as it does in nephrosis cases when the protein in its upv ard 
course approached 5 per cent 

If Starling’s theor> of edema production is accepted, the appearance 
of edema with a normal serum oncotic pressure must be due either to 
increased Nascular permeabilitN , which permits proteins as well as a 
protein-free filtrate to pass through the capillarj walls, or to increased 
capi'Iarx blood pressure There can be little doubt, in a iew of the retinal 
lesionc, the h\-pertcnsion and other arculatory changes, that the patho- 
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logical manifestations of acute neplintis are not confined to the kidney, 
but involve the general vasculature of the body It is probably to these 
vascular disturbances that the edema is to be referred Whether in- 
creased vascular permeability or increased hydrostatic pressure is chiefly 
responsible for the exudation it is still impossible to say Available 
analyses of serous effusions from acute nephntic patients reveal only 
slightly higher concentrations of proteins — about 0 6-0 7 per cent — 
than are usually found m similar effusions from nephrosis patients ((S, 7) 
and authors' unpublished data) These are not so high as those found in 
effusions in heart failure Unfortunately these determinations have not 
been made at the inception of the disease 

In this connection attention may be called to the two solid circles 
i\ Inch hax'e been distinguished by rings These t\\ o are exceptions to the 
general rule that edema persists in late stages of the disease only when the 
proteins are greatly reduced Both patients had distinct evidences of 
heart failure, m one of them associated aith hemolytic streptococcus 
septicemia 

The causes of albumin reduction, when this occurs, seem to be the 
same as those w'hich are operative in the chronic nephrobc forms of ne- 
phritis drainage of scrum albumin mto the urine and malnutntion, in 
the sense of protein starvation Anorexia, nausea, vomiting and diges 
tive disturbances are among the commonest symptoms and are assisted 
in their destructive w ork by the infection which so commonly accompanies 
at least the early stages of the disease In this senes when the patients 
were able to take diets containing adequate amounts of protem and 
high calones serum albumin failed to fall or rose if it was low It fell 
only when digestive disturbances or the restnctive efforts of physiaans 
limited diets The value of such restnctions is quite doubtful unless it 
be assumed that malnutntion and consequent edema are desirable aims 
of therapy At least limitation of protem and calones should be practised 
only over short penods in selected cases 

A further point, to which attention has been called by previous ob 
servers, is brought out m Figure 1, the relatixe frequency of high globulm 
values These are presumably referable, not to the renal lesion, but to 
the infectious process from which it onginates and with which it is as- 
soaated There is no demonstrable relation between the concentration 
of globuhn and the occurrence of edema 

CONCLUSIONS 

Serum proteins have been determined 85 times in 38 cases of acute 
nephntis 

Edema was regularly found when the protein concentration was below 
4 per cent , but was sometimes present in the early stages of the disease 
when protem and albumin were wnthin or just below the normal limits 
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In the early stages of the disease edema appears to be due partl> to 
vascular disturbances which increase the hydrostatic pressure or the 
permeability of the capillaries 

Serum albumin reductions, when they occur, seem to be referable to 
leakage of albumin into the urine and malnutntion 

Serum globulin in acute nephntis is frequently above normal 
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In uncomplicated heart disease the proteins of the serum appear to be 
little disturbed In patients with heart failure, on the other hand, they 
may be considerably reduced at the expense of the albumin fraction (1, 2, 
3) Attempts to relate these reductions to the inadencc of edema or the 
state of the u ater balance have not been successful The protein concen- 
tration may fall during diuresis or nse during the development of edema 
In some cases, hoi\'eier, changes in the opposite direction have been 
observed 

In the hope that more extensive studies might throw some light on the 
nature of these apparently paradoxical phenomena, S3 determinations of 
the serum proteins w ere made on 24 patients with heart disease in vanous 
stages of decompensation In 49 instances albumin and globulin fractions 
were determined separately Efforts were made to estimate the nutn- 
tional state of each subject In 2 cases nitrogen metabolism was deter- 
mined while the subjects were recovenng from cardiac decompensation 
The nature of the cases included in the senes is tabulated bnefly below 
In none was renal function senously impaired The concentrations of 


TABLE 1 

Claenfication of patients 


Nature of dlimu 

Nuaberof 

Total 

IrapTOTCd 



ArtcnoBderotic without hypertension 

8 

s 

1 

2 

Artenosderotic with hypertension 

6 1 

5 

0 

1 

Rheumatic 

6 

2 

1 

3 

Syphilitic 

3 

1 

0 

2 

Acute endocarditis 

1 

1 

0 

0 


* The data in this paper are taken from the thesis of Dr Sheldon A Pajme, 
done in partial fulSlment of the requirement for the degree of Doctor of 
Mediane at Yale University School of Methane 
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protein and protein fractions of the serum bore no relation to the funda- 
mental nature of the heart disease, but seemed to be related only to func- 
tional disturbances connected with heart disease in general 

All the data are presented in Figure 1, which is designed to show the 
relation of both decompensation and edema to the concentration of total 



B 2 J 4 5 

^ Albonjip, per C8t?t normal limits 



Fig 1 Relation of Serum Proteins to Edema and to Heart Failure 

Solid squares indicate heart failure with edema diagonally lined squares, 
heart failure without edema, open squares, no heart failure nor edema 

protein and of the protein fractions of the scrum The presence of de- 
compensation and edema is indicated b\ the solid squares, decompensa- 
tion w iihout edema by diagonal lines The criteria by which decompen- 
sation has been distinguished m these cases are quite arbitrary Patients 
ha\e l>een considered as compensated only v hen they were sufnaently 
well to be discharged from the !io=pital 
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If all observations arc considered, total proteins and albumin are 
found to be reduced in the majonty of instances, n hile globulin does not 
depart appreaably from the normal range The proteins in compen- 
sated cases were, with one exception, wnthin, or not more than 0 2 per 
cent below , the limits of normal variation This exception had only 5 55 
per cent protein Howeter, albumin accounted for 4 24 per cent of this, 
the protein reduction being due merely to an unusually low globulin, only 
1 31 per cent Albumin also lay within or near the normal limits when 
compensation had been established 

The incidence of edema becomes greater as protein and albumm fall 
Howex'er, it can not be inferred that the two are related, because it has 
already been shown that the scrum proteins return to the normal level 
with the establishment of compiensation, whether there has been edema or 
not. There is, however, other evidence that edema is more frequent in 
patients with hypoalbummcmia Seven of the patients were admitted 
with all signs of heart failure except edema In this group total protein 
lay always above the lower normal limit, albumin in only two instances 
below 4 00 per cent, 3 61 and 3 83 

Reduction of the serum proteins may be referable to any one or all of a 
\ ancty of functional disturbances which are known to occur in heart dis- 
ease The ones w hich appear most worthy of consideration are albumi- 
nuna, h>drcmia, filtration of protein through the capillary walls into the 
edema fluid, and malnutntion Of these albuminuna seems to play a 
relatively unimportant rile None of the cases studied had profuse al- 
buminuna, and in only 5 did the unne contain more than a faint trace of 
albumin 

If hydremia were responsible for tlie protein reductions, both protem 
fractions and not albumin alone, should suffer That alterations of blood 
volume are encountered in heart failure and that such alterabons do 
affect the blood proteins is apparent in some of the cases which will be 
discussed in greater detail below They are not, however, a frequent 
cause of hypoproteinemia. 

Analyses of serous effusions from patients wnth heart failure have re- 
vealed the fact that such fluids contain more protein than comparable effu 
Eions from patients wnth nephrosis (4, 5) This suggests that capillary 
permeability is somewhat increased in heart failure, presumably as a re- 
sult of blood stagnation and anoxemia If, from the same analyses, the 
total amounts of protein which may pass from the blood stream mto the 
edema fluids are estimated the quanbties seem hardly suffiaent to strain 
the regenerabve powers of a normal mdividual Iversen and Johansen 
(5) found in the early stages of heart failure about 0 6 per cent of protem 
in pleural fluid Subsequently the protein may nse considerably, as 
flmd IS reabsorbed more rapidly than protem is removed If 0 6 per cent 
represents the average concentrabon of protem m cardiac edema fluid. 
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the development of as much as 10 kilos of edema ould remo\ e from the 
serum only 60 grams of protein An equal amount may be excreted in the 
unne of a nephrotic patient in the course of only 3 or 4 days Removal of 
comparable quantities from dogs by plasmapheresis produces only 
transient serum protein defiaency (6, 7) 

TABLE 2 

Scrum data, edema and xeetght 


Case 

num- 

ber 

Scrum 

1 

Weight 

Remarks 

Pro- 

tein 

Albu 

min 

Glob- 

ulin 

Actual 

Before 

illness 

With 

out 

edema 


per 

per 

per 


fctlot 

ktlos 

kxlos 



cent 

cent 

cent 






80788 

7 72 

5 35 

2 37 

0 

53 6 



Patient noted as slightly obese 

48764 


4 38 

Mie 

0 

43 7 

43-48 



6099 


KKi 

H ' 

0 

64 8 

73-77 



80853 


S 

K 

+ 

88 0 

84-86 

85 1 


73410 

6 92 

ee 1 


0 

82 4 

82 


Weight reported normal by patient 

600S4 

6 91 

Bli' : 

Ws i 

0 

41 6 



Vomiting and dehydrated 

4607 


3 61 

3 24 

0 

50 2 

59-64 



87471 

6 65 

444 

2 21 

0 

47 0 

55 


Had lost 8 kilos dunng preceding 









year Study made after improve- 









ment 

73840 


3 62 

2 88 

+ 

58 8 

73 

52 2 


85828 

6 45 

3 93 

2 52 

3 + 

76 8 

73 

63 8 


82039 

6 40 

3 73 

2 67 

0 

640 

68 



79555 

6 16 

3 46 

Mrii] 

2+ 

70 2 

70 

60 4 


80060 


3 72 

2 33 

3 + 

66 9 

73 

54 0 


85900 

5 S3 

3 63 

wmn 

+ 

69 5 

70-77 

66 8 


76591 

5 S3 

2 89 

2 94 

2 + 




Just before admission patient had 









noted 22 kilos loss of weight He 









teas evidently emaaated 

87704 

5 76 

4 59 

1 17 

+ 

68 2 


63 9 

Patient a woman of medium height, 









well nourished even after dimi- 









nation of edema 

73795 

5 75 

3 75 

■mini 

4+ 

S6 3-f* 

75 

71 3 


82 756 

5 63 

3 55 

2 0S| 

2+ 

55 4 

59-64 



81512 

5 51 

3 16 


2 + 




Emaaated and unable to take food 









or fluids 

24341 

5 34 

2 96 

2 38 

3-h 

59 9 

64-68 

52 6 


56404 

5 30 



3 + 




Emaaation marked 

54174 

4 97 



3 + 

62 8 

69 

50 4 


82465 

4 97 

3 42 

1 55 

2+ 




Patient stated he had lost weight 

63611 

4 96 

2 92 


2 + 

57 4 

64 

54 0 



* Patient could not be neighed until tno da>s after this determination 


Table 2 git es the protein values in each case at the time of the first 
obsertation when there was obtious heart failure The presence and 
degree of edema are also noted Finally an attempt has been made to 
estimate the nutritional state of each piatient. These estimations are 
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based on compansons between the -weights of the patients before they 
became ill, hile they were sutlenng from heart failure with edema, and, 
in those that improved, after edema had disappeared The data are ar- 
ranged according to the serum protein -values General mspection of the 
weight records and remarks shows quite conclusively that the first pa- 
tients, those with high proteins, are normally or well nounshed, while 
those with low proteins are distinctly malnounshed Either their 
weights with edema are little in excess of the normal or else the weights 
after diuresis give e-vidence of considerable emaciation 

Certain exceptions to the rule deserve espeaal consideration Num- 
ber 60084, wnth a weight of 41 6 kilos, was ob-viously emaaated His 
serum proteins, however, were quite normal, 6 91 per cent, and albumm 
was 4 05 per cent The patient was desperately ill and vomiting so 
continuously that he was unable to take food or fluids and had become 
dehydrated The high protein and albumin figures are probably the 
result of hemoconccntration The relatively high globulin value, 2 86 
per cent, supports this explanation Numbers 6099 and 4607 ha-ve high 
proteins in spite of weight losses of 10 or more kilos In these cases, 
however, albumin is distmctly reduced, 3 88 and 3 61 per cent, the protem 
concentration being maintained by abnormally high globulin, 3 42 and 
3 24 per cent Number 87471 again had normal proteins, although he 
was 8 kilos below normal w eight Strictly speaking this case should be 
omitted from the table because the determination was not made until two 
weeks after hospital admission, during which there had been steady dm- 
ical improvement and return of compensation Number 87704 represents 
an exception of the opposite nature In this case the proteins were low 
without evidence of malnutrition Albumm, however, is quite normal, 
the protein deficiency is entirely referable to reduction of globulin 

The effect of malnutntion on scrum protems appears to be confined 
entirely to the albumin fraction (8) For this reason better correlation 
IS found, in accordance with expectation, between the state of nutation 
and the concentration of serum albumin In the 11 observations -with 
albumin below 4 per cent, when normal weight could be compared with 
edema free weight, there was found to have been a weight loss of from 
3 to 21 kilos With the two exceptions noted above, 60084 and 87471, 
patients with albumin greater than 4 per cent had suffered no loss of 
weight. 

Such consistent correlation seems suffiaent proof that the serum 
albumin deficits of heart failure are due to malnutntion The histones 
lea-ve no doubt that anorexia is the chief cause of the malnutntion, with 
nausea and vomiting frequently acting as contabutory factors 

The nature of the protein fluctuations in heart failure is further elua- 
dated by certain indi-vidual cases in which repeated observations were 
made 
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Number 82039 (see Figure 2), a male, 60 years old, \\ith syphilitic 
heart disease and aortic insuffiaency, Mas admitted to the hospital Jami- 
aiy”^ 4, 1930, mthout edema, but sufTenng from se\ere dyspnea and or- 
thopnea which had developed progressively during the preceding four 
weeks His weight, which had previously been 68 kilos, ivas only 64 
Serum albumin A\as only 3 73 per cent, although total protein w’as within 
normal limits He responded well to treatment and was discharged from 
the hospital, without symptoms or signs of heart failure, January 29, 1930 
At home his condition rapidly detenorated again Februarj' 18, he was 
readmitted AMth the previous symptoms and, in addition, extensive sub- 
cutaneous edema In spite of the edema he weighed only 67 5 kilos 



Fig 2 Case Number 82039 Course of Seruai Proteins During 
Recoatera from Heart Failure 

Albumin had fallen to 3 63 per cent Under treatment with rest, digi- 
talis and restncted fluids edema diminished rapidly By February 28 
there was onh slight pitting of the ankles, and by March 7 all edema had 
disappeared The weight, meanwhile, had fallen, first to 62, finally to 
60 5 lalos Although there is little indication in these weights that nutri- 
tion had improAcd, albumin had nsen to 6 40 per cent At first sight 
this would seem to refute the theoiy^ that the albumin deficiency is con- 
nected with the state of nutrition In this case blood cell volumes were 
determined b> means of the hematocnt If the cell volumes are com- 
pared w ith the protein \ alues, it w ill be seen that albumin and cell \ olume 
nse together during the penod of digitalis diuresis and fluid restriction, to 
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fall again when edema has been eliminated and more liberal amounts of 
fluid are given The natural deduction is that the albumin increase is due 
to temporary hemocentration This inference appears the more prob 
able, because globulin and albumin rise together 

Similar e^^dences of temporary hemoconcentration are seen in other 
cases, espcaally i\hen fluids are restncted dunng penods of diuresis 
The kidneys m these cases appear to excrete fluid from the serum more 
rapidly than it is withdrawn from the tissues Dunng this penod of 
blood concentration, in the case under discussion, blood nonprotem nitro- 
gen rose from 23 to 50 mgm per 100 cc in spite of climcal improvement, to 
fall subsequently, even when the dietary protein was increased This 
phenomenon of dehydration azotemia is well recognized 



Fig 3 Case Numder 79SS5 Course of Serum Proteins During 
Recovery from Heart Failure 

Number 79555 (see Figure 3), a male, 80 years old, with artenosclerotic 
heart disease and slight hypertension, was admitted to the hospital Sep- 
tember 3, 1929, with severe dyspnea, orthopnea, cyanosis, enlargement of 
the liver, pulmonary congestion and massive edema of the lower extremi- 
ties and the lower part of the trunk. On September 7, when his condition 
was little altered, serum protein was 6 16 per cent, with albumin 3 46 
With all his edema he weighed at this time no more than he had weighed 
before his illness Under treatment he improved rapidly, and was dis- 
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charged on October 19, free from edema September 2S, at the end of his 
diuresis, his weight had fallen to 60 5 kilos, 10 kilos below his normal 
weight The serum albumin had not changed appreciably Mardi 14, 
he was readmitted with all his previous symptoms and signs and, in addi- 
tion, ascites He was too ill to be weighed The serum protein had 
fallen still further In view of his record of w eight loss he w as gn cn, from 
the first, a diet containing 80 grams of protein and 2500 calories With 
this and other therapeutic measures he had a rapid and profuse diuresis 
During the diuresis the proteins rose somew'hat in spite of the extreme loss 
of weight 

After diuresis w'as apparently complete albumin rose rapidly from 3 68 
to 4 02 per cent, although the weight did not increase Determinations 
of the nitrogen metabolism dunng the penod betv\een the last t\\o ob- 
servations show that the patient was daily storing nitrogen equivalent to 
a little more than 30 grams of protein Restoration of the body protein 
stores W'as, therefore, proceeding rapidly In recovery from famine 
edema Ling’s (9) data show that reconstitution of serum albumin occurs 
rapidly after administration of adequate diets and may be complete 
before body w'eight has returned to the normal level The same course 
of events, illustrated by tins case, and, to a lesser extent by the preceding 
one, IS seen during the recovery period in other patients who were sub- 
jected to frequent examinations 

DISCUSSION 

According to Starling’s (10) theory passage of fluid between the blood 
stream and the tissue results from the interplay of two forces the hydro- 
static force of the capillary blood pressure, w hich tends to drive fluid out 
of the vessels, and the osmotic pressure of the non-diffusible colloids, 
chiefly serum proteins, which tends to draw fluid back from the tissue 
spaces into the blood stream In nephrosis and in malnutrition reduc- 
tion of the oncotic pressure is chiefly responsible for the production of 
edema, which has been found to occur only when the serum proteins, 
especially serum albumin, fall below a certain level (8) In heart failure, 
presumably, increase of capillary blood pressure, the result of venous 
congestion, is the main cause of edema For this reason exact correlation 
between serum oncotic pressure and edema production is neither to be 
expected nor found 

Edema ma> be assoaated with an\ protein or albumin concentration 
One can conceive of extreme conditions in which hydrostatic pressure 
became so great that fluid w as forced from the x essels until proteins rose 
far abo\e the normal level and a high grade of hemoconccntration de- 
V eloped m the presence of edema In a moderate degree such a state is 
illustrated b\ the vomiting case, 600S4, noted above, and dunng diuresis 
and fluid restnction, in S2039 (see Figure 2 and text above) A more 
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striking instance was observed in a patient wth artenosclerosis involving 
both heart and kidneys The subject, a woman of 60, when admitted to 
the hospital, had general anasarca and v\as vomiting frequently The 
serum protein concentration at this time was 9 13 per cent, the red blood 
cell volume 33 6 per cent, the oxygen capacity of the blood 17 3 volumes 
per cent As she improved under rest and digitalis the proteins fell to 
7 90 per cent, the cell volume to 28 9 per cent, and the oxygen capaaty to 
15 1 volumes per cent The parallel fall in all 3 functions is almost con- 
clusive evidence that the serum protein changes dunng this penod v\ ere 
due chiefly or only to dilution of the blood to its normal volume by fluids 
withdraw n from the edematous tissues 

Although edema may, if capillary blood pressure rises significantly, 
occur at any protein value, its production can proceed only to the point 
where the mean capillary pressure equals the oncotic pressure If the 
latter is reduced by reason of serum protein dcfioency the same d^ree of 
congestion will produce a greater degree of edema It is not, therefore, 
entirely without significance that edema (Figure 1) is more consistently 
found in patients with low scrum proteins From a therapeubc pomt of 
view It would seem reasonable, certainly, to direct some attention to the 
prevention or correction of scrum albumin deficits As these appear to be 
referable to malnutrition, the common practice of restricting diet, and 
especially protan, in heart failure, may represent misdirected effort. By 
proper choice of foods a diet contaimng reasonably generous quantities of 
protein and adequate calones may be given in a form which will not over- 
tax the digestion of even an elderly artenosclerotic with heart failure. 
This 13 well illustrated in case 79SS5, ated above Such a diet can also 
be provided without an excess of salt or fluid Heart failure is, and should 
rationally be treated as, a wasbng condition, with only the necessary com- 
promises for the digestive disturbances bv w'hich it may be accompanied 
How large a part increased capillary permeability may play in the 
production of cardiac edema it is hard to say Experiments of Krogh 
(11), Landis (12) and others have demonstrated that if venous obstruc- 
tion, with consequent impairment of tissue oxygenation, becomes suffi- 
ciently great, the capillary walls will permit protein to escape Serous 
effusions from patients with heart failure contain distinctly higher con- 
centrations of protein than do the almost protem free effusions of ne- 
phrosis (4, 5) Although loss of serum proteins in this manner is probably 
a minor cause of serum protein depletion, it may, nevertheless, contribute 
disfanctly to edema formabon by reduang the effective oncotic pressure 
of the serum This is, of course, measured, not by the actual concentra- 
tion of protem m the serum, but by the difference between the concen- 
tration of protem m the serum and that in the interstitial fluids Under 
normal conditions the latter is so small as to be neghgible If it becomes 
mcreased the serum protem must rise by an equal increment to balance 
the same capillary blood pressure 
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CONCLUSIONS 

1 In patients with heart failure serum albumin is frequently reduced 

2 Although edema of heart failure may occur even ^\hcn scrum 
protein and serum albumin are at or abo\e the normal le\el, it is more 
commonly associated with some degree of albumin deficiency 

3 The albumin deficits appear to be directly referable to malnutrition 
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The three preceding papers of this senes (1, 2, 3) have dealt inth the 
concentration of serum proteins in chronic edematous nephnbs, acute 
nephnbs and heart failure, respectively It has been shown that in all 
these conditions serum albumin defiacncy is common and is related to 
edema production Howe%'cr, the correlation between edema and albu 
min deficiency is e.\act only, in chronic edematous nephntis, in which 
circulatory and vascular disturbances are minimal In all three diseases, 
hypoalbuminemia, irrespective of its relation to edema, appears to be 
duo chiefly to malnutntion, — or, more exactly, protein deprivation, — 
which may be referable partly to proteinuria, but is usually chiefly the 
result of inadequate protein intake 

The present paper deals with the serum proteins in the terminal stages 
of renal disease Total proteins have been determined 266 times on 61 
cases, protein fractions 81 times on 24 cases In 130 instances m 42 cases 
blood cell volume was determined by means of a Daland hematocnt, 
and oxygen capaaty by the method of Van Slyke and Stadie (4) or that of 
Van Slyke and Hiller (5) On 35 additional occasions, m 13 cases, either 
oxygen capaaty or cell volume was determined In 1 case the volume 
of the arculating plasma was determined by the vital red method of 
Keith, Rowntree and Geraghty (6) 

The cases can be divided roughly into 3 groups 1 — chronic glomerular 
nephritis, 2 — artenosclerotic nephntis, and 3 — patients with destructive 
lesions of the kidney The last group, which will, for convenience, be 
designated as “suppurative nephntis,'' includes patients with bilateral 
pyonephrosis or pyelonephntis, bilateral renal tuberculosis, and poly- 
cystic kidneys The nature of the underlying disease has no demon- 
strable effect on the serum proteins, which appear to be influenced only 
by the functional disturbances to which the disease gives rise Most of 
the patients were studied over relatively short penods m the last stages 
of renal disease A few were observed at earlier stages, some for penods 
8 113 
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of as much as 2 or 3 years All exhibited evidence of impaired kidney 
function in inability to concentrate unne, most had extreme reduction of 
phenolsulfonephthalein excretion and high blood nonprotein nitrogen 
In Figure 1 all the protein data are presented, as they have been in the 
preceding papers, wnth especial reference to the inadence of edema An 
attempt has been made, hou’ever, to distinguish between edema assoaated 
wnth heart failure and edema occumng without evidence of circulatory 
decompensation In cases of this type such a distmction is fraught with 
difficulties and must, in the last analsrsis, rest upon the judgment of the 
clinical observer In the great majority of instances, m this senes, in 
which edema is connected with heart failure, there were uneqmvocal ob- 
jective signs of cardiac disease with decompensation Pencarditis, 
coronary occlusion, paroxysmal tachycardia, cardiac inegulanties, evi- 
dence of advanced chronic passive congesbon of the lungs and other or- 
gans, were the commonest of these signs, espeaally in the premortal stages 
of the disease. Dj’spnea wnth cyanosis, but wnthout reduction of the 
alkaline reserve or obvious pulmonary pathologj', was considered a 
suffiaent indication of heart failure, as was response to digitalis by climcal 
improvement and diuresis 

In far more than half the observations serum protein was distinctly 
below the normal level, with occasional defiats quite as great as those 
encountered in nephrosis As in the other conditions which have been 
studied It IS entirely the albumm fraction of the serum which suffers, 
globulin remaining relatively unaltered These observations agree with 
those of previous observers (7, 8, 9) 

At first sight there appears to be no semblance of correlation between 
the protein level and the inadence of edema In fact the single patient 
with proteins distinctly above the normal range had general anasarca. On 
closer examination it becomes evident that edema is both relatively and 
absolutelv more frequent when the proteins are reduced What is more 
significant is the fact that edema wnthout signs of heart failure is found 
only when there is a definite serum protan defiaency 

In the production of the hypoalbuminemia, protanuna may play a 
part, at times not negligible However, m some of the cases with greatly 
reduced serum albumin protemuna has been quite insigmficant. Abnor- 
mally large serum volume due to heraodilution can be excluded because 
the globuhn is not reduced Moreover, direct deterrmnations of serum 
volume by the dye method made by Browm and Rowntree (10) revealed 
no tendency to hemodilution in cases of this type. As will be shown 
subsequently hemoconcentrabon is probably a far commoner occurrence 
In Figure 2 an attempt has been made to compare the serum protem 
concentration with the state of nutntion of the patients The catena 
w hich have been employed in the evaluation of the nutntive state have 
been discussed at length m the precedmg papers (6, 7, 8) They are, 
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ohvjou*' cmnaation, CMtlcncc of recent lars^c eight losses and, in a few 
in^tarcc':, record*? of subsistence o^cr long periods on inadequate diets. 
In addition, it has been necessary to gi\e especial consideration to %omit- 
ing, which I*?, in this condition, so common and so serious a symptom 
In the figurc,\omiting cases arc distinguished from thosewith malnutrition 
duo to other causes Occasional \omiting has not been recognized, but 
onh \omiting of ‘?uch frequenej , sexentj' and duration as to prexent the 
oral administration of reasonable amounts of food and fluids, and to pro- 
duce dchxdration 
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Even if the vomiting cases be omitted there is a surpnsingly large 
inadencc of severe malnutntion ^^^th little or no protein defiaency, which 
can be explained only by consideration of the serum proteins in individual 
cases The hemoconcentration which may result from heart failure, es 
penally when fluids are restneted, has been discussed in the preceding 
paper In that discussion one of the cases in this senes, the one with 
proteins above the normal range in Figure I, was mentioned An oppor- 
tunity to observe the phenomenon more exactly and frequently wes pre 
seated by a group of patients with nephntis who developed acute heart 
failure as a terminal condition Under these arcumstances certain 
changes in the constitution of the blood occurred with great regulanty 
The serum proteins rose sharply, while blood cell volume and oxygen 
capaaty remained unaltered or diminished Examples of this assoaa- 
tion of events are shown in the first two cases in Table 1 In 7 of the 11 
cases in which studies were made before and after sudden heart failure 
the serum proteins rose, the increases varjnng from 0 31 to 1 52 per cent 
In one case they remained unchanged In the three cases in which they 
fell large quantities of fluid had been given subcutaneously or intrave- 
nously shortly before the observations were made Oxygen capaaty fell 
in 7 out of 8 instances, in the other remaimng unchanged Cell volume 
fell in 7 instances, rose once and remained unchanged once The simplest 
explanation for the protein increase is passage of fluid without proteins 
from the blood to the tissue spaces The simultaneous reductions of 
cell volume and hemoglobin can hardly be due to blood cell destruction, 
but are probably a result of arculatory stagnation, which causes cells to 
become segregated in certain parts of the arculation This concentra- 
tion of the serum in heart fadure accounts for a certam number of the 
observations in which the proteins are high in malnourished patients 
who were not vomiting 

Attention has been called, in another connection (11, 12), to the im- 
pairment, in advanced nephritis, of the mechanisms by which the salt and 
water content of the body is usually stabilized If the salt intake of the 
patient with severe renal damage is restneted, dehydration results be- 
cause urmary salt excretion does not dimimsh to the same extent that it 
does m normals Restnction of fluids also leads to dehydration because 
of the tendency to diuresis, the polyuna of renal insufliaency With 
dehydration from these causes hemoconcentration usually occurs Al- 
terations of serum proteins assoaated with vanations m salt and water 
intake are illustrated in the third and fourth cases m Table 1 

Although there is a tendency, in individual cases, espeaally over 
short penods, for hemoglobin, cell volume and serum protans to vary 
together, there is no demonstrable general correlation between serum 
protans and ather cell volume or hemoglobin Profound anemia may 
be found m advanced nephntis without senous protan defiaency, and 
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low albumin with little reduction of hemoglobin Furthermore, pecuhar 
divergences of hemoglobin and proteins are seen in individual cases 
An example of such divergence in acute heart failure has already been 
mentioned Others have been found which can not be explained so 
easily In the second case of Table 1, number 29039, between the first 
and second observations, wnthin 24 hours, proteins fell 2 4 per cent while 
hemoglobin and cell volume remained practically unchanged One can 
argue with no certainty that the administration of large amounts of 
fluids, increasing the blood xolume, swept cells from stagnant portions of 
the arculation In this and the preceding case determinations were 
made on artenal blood This is only one instance in which, even durmg 
very short penods, the concentrations of the cellular constituents of the 
blood and of the protein exhibit large and entirely unrelated changes 
Numerous other similar occurrences can be found in the Table 



Fig 3 Changes of Serum Protein, in the Terminai, Stage of 
Nephritis, Compared with Changes of Serum Volume and Blood Cell 
Volume Case Number 56247 

Figure 3 shows perhaps the most extraordinary example of the lack 
of relation between proteins and cellular constituents In this case 
determmations of serum volume by the vital red method afford a more 
accurate basis for the analysis of the fluctuations m proteins and cells 
The patient, an Italian male, aged 39, was adnutted to the hospital De- 
cember 26, 1926, with advanced chronic nephntis He appeared well 
nounshed, but had vomited continuously for some days There was 
slight edema of the ankles which was asenbed to heart fadure and disap 
peared rapidly with rest and digitalis Vomiting ceased almost entirely 
after he entered the hospital, but he was not able to take large amounts of 
fluid and voided relatively large quantities of unne There is an imme- 
diate rapid drop of weight with a striking reduction of plasma volume and 
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a simultaneous increase of serum proteins, evidently due to hemoconcen- 
tration This reduction of plasma volume is accompanied, however, by 
a relatively insignificant nse of hemoglobin and cell volume At the 
third observation weight and plasma volume have continued to fall, at a 
diminished rate This time the proteins have also decreased Mean- 
while the mtrogen balance has been continuously negative, with losses 
amounting to about 16 grams of protein daily From this time until 
death the serum proteins diminish steadily, the negative nitrogen balance 
continuing with only a bnef interruption Plasma volume, on the one 
occasion when it was again deterrmned, had fallen still further, m spite of 
the admimstration of large amounts of salt and water ^ The temporary 
nse of hemoglobin and cell volume at the next to last observation may be 
partly referable to a transfusion given on January 19 The gam of weight 
towards the latter part of the illness probably represents retention of 
fluid preceding the appearance of demonstrable edema, associated with 
heart failure The final fall of hemoglobin and cell volume may be con- 
nected with terminal exacerbation of the heart failure After the fifth 
observation, January 25, vomiting became so extreme that the patient 
took no food and received fluids almost ehtirely by hypodermoclysis or 
infusion One is tempted to ascnbe the initial rapid nse of serum proteins 
to hemoconcentration, the subsequent gradual fall to continued malnutn- 
tion Whatever may have been the causes of the changes it is obvious 
that the reduction of plasma volume tends to mask the true extent of the 
serum protein depletion If the total amount of arculating protein is 
estimated by multiplying, in each instance, the plasma volume by the 
serum protein concentration , the following values are obtained December 
27, 210 grams, January 4, 240 grams, January 11, 230 grams, January 25, 
190 grams 

Not only do the concentrations of serum proteins and the cellular con- 
stituents of the blood often run divergent courses , even the relation of cell 
volume to oxygen capacity shows rapid fluctuations It has been rec- 
ognized that changes in the reaction of the blood cause the red blood cells 
to swell or contract The causes of these reactions have been eluadated 
by Hamburger (13), Van Slyke (14) and others In a disease in which 
disturbances of acid-base equilibrium are so frequent and profound, al- 
terations of the size of the red blood cells are to be expected They 
should, however, be of relatively small magnitude, while in some of the 
nephritic patients of this senes the cell volume changes were extraordi- 
nanly large In Table 1 can be found some examples which can not con- 
sistently be connected with vanations of CO 2 , which was simultaneously 
determined in each case 

^ This case has been discussed in another article from this department (12) 

In spite of the admimstration subcutaneously of enormous amounts of salt, 
in the latter part of his course, he exhibited a continuously negative chloride 
balance A large part of the chloride was excreted through the bowel 
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Although considerable attention has been given to the effect of blood 
reaction on cell size, the effect of total base concentration has not been 
considered If, hon ever, the cell membranes are, as is generally believed, 
impermeable to bases tn vivo as they are vtlro (15), changes in the base 
concentration of the plasma, unless immediately mirrored by proportional 
changes in the base content of the cells, must of necessit 5 ’- be compensated 
by an exchange of fluid between the two phases Cell size must change 
In nephritis serum base concentration is disturbed almost, if not quite, as 
frequently as are serum pH and CO (9, 10) 

DISCUSSION 

Reduction of serum protein at the expense of the albumm fraction, 
then, occurs with great frequency in the terminal stages of nephritis, and 
may become quite as great as that found in nephrosis It can not be 
correlated with the Incidence of edema because the latter, when it occurs 
in this condition, is usually referable to heart failure. Malnutrition is a 
charactenstic feature of the disease and can be demonstrated in all cases 
that present hypoalbuminemia. On the other hand, serum albumm is 
often normal or high when there is evident malnutntion Reasons for this 
are found in the tendency of these patients to develop hemoconcentration 
Among the causes of hemoconcentrabon are heart failure, voraibng, 
anore-xia and the inability to conserve the salt and water stores of the 
body Extreme and rapid fluctuabons of serum protein concentrabon, 
blood oxygen capaaty and blood cell volume are produced by the inter- 
play of these same funcbonal disturbances, which vary the serum volume, 
blood cell xolume and blood cell distnbubon Such fluctuabons often 
mask the true extent of the serum albumin deplebon 

CONCLUSIONS 

1 Reduebon of serum proteins at the expense of the albumin fracbon 
IS common in the terminal stages of renal disease 

2 The serum albumin defiaency can not be correlated with the 
inadence of edema, which is usually referable to heart failure. 

3 Wasbng is a charactensbc feature of the condibon and can be 
correlated with the serum protein defiaency, unless some other funcbonal 
disturbance has produced hemoconcentrabon 
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The present investigation was designed to extend the study of this 
relationship to early and late pregnancy, partuntion, and the puerpenum, 
as well as to normal non-pregnant women 

METHODS AND MATERIAL 

The sera from 98 mdividuals were examined Those with renal or 
cardiac disease were excluded The blood was collected without (or 
with minimum) stasis, three to four hours after the previous meal, and 
immediately centnfuged The serum was removed promptly from the 
cells No anti-coagulants were employed 

TABLE I 

Serum calcium and inorganic phosphorus according to total serum protein concentrations 


Non-pregnant women 


Women m early pregnanci 
(1 to 3 months) 


Women in late pregnancy 
(8 to 9 months) 


Total Inorganic Calcium 
protein phosphorus 


Total Inorganic Caldum 
protem phosphorus 


per cent 

6 30 
640 
6 63 
6 85 

6 98 

7 00 
7 10 
7 12 
7 12 
7 15 
7 48 
7 55 
7 95 
7 95 

7 98 

8 00 


mgm 
per cent 
40 
39 

44 
39 
39 
3 8 
39 
3 7 
42 

45 
3 7 

45 

46 
39 
46 
3 2 


mgm. 
per cent 

94 
10 0 

10 9 
97 

10 6 
99 
10 1 

11 0 
10 3 
10 1 
10 1 

10 7 

11 3 
10 5 

10 9 

11 2 


per cent 

6 47 
648 
6 63 
6 73 
6 74 
6 76 

6 85 

7 46 
7 55 
7 56 


mgm 
per cent 

42 

40 

46 

40 
39 
3 5 

47 
42 

41 

42 



Total 

protein 

Inorganic 

phosphorus 

Caldum 

per cent 

4 85 

mgm 
per cent 

3 2 

mgm 
per ceni 

90 

5 63 

39 

92 

5 63 

3 2 

94 

5 66 

3 9 

87 

5 79 

34 

94 

5 87 

3 2 

88 

5 95 

3 0 

90 

6 00 

3 0 

92 

6 18 

44 

97 

6 20 

4 1 

90 

6 21 

3 3 

93 

6 27 

40 

9 2 

6 27 

40 

10 8 

6 43 

4 1 

99 

6 47 

3 9 

9 1 

6 50 

42 

10 6 

6 50 

3 8 

93 

6 58 

44 

10 1 

6 62 

42 

10 0 

6 63 

41 

95 

6 65 

3 8 

9 1 

6 67 

39 

93 

6 75 

3 7 

96 

6 75 

4 1 

89 

6 78 

48 

10 4 

6 78 

28 

92 

6 90 

34 

94 

6 94 

38 

99 

6 96 

36 

95 

7 02 

34 

95 

7 07 

3 1 

92 

7 10 

49 

90 

7 65 

36 

10 2 

6 43 

3 8 

95 
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nitropcn \\tiich wi*. tliin miiliiphcd !>> tlie fictor 6 25 toobnm the total 
protein Tlie inorpnnic pho'tjihortw wis determined b\ the method of 
Hcnedirt and Thci^ (8), nnd the cnlnum l)\ the Chrh CoIIip (9) modifica- 
Iton of the Kntner Tindall (10, II) procedure 

The FCrt from the fiec renci of women ntudietl were Rrouped nccordmc 
to the protein content (Tilde I) Vimtion^ m cnianm ind phosphorus 
were then compared with the changes in protein concentration 
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SERUM CALCIUM, PROTEIN AND PHOSPHORUS 


DISCUSSION 

The correlation coeffiaents between serum protein and calaum and 
between serum calaum and phosphorus have been calculated from the 
expenmental data in Table I, and are presented in Table III 


Non-pregnant women 
Early pregnancy 
Late pregnancy 
Partunent women 
Puerperal women 


TABLE ra 

Correlation coefficients 
Protein Caldum 

-f0 6S ±0 098 
-016 ±0 152 
4- 0 355 ± 0 102 
-L 0 082 ± 0 134 
-P 0 728 ± 0 085 


Calcium Phosphorus 

-P 0 148 ± 0 167 

- 0 317 ±0 211 
-P 0 379 ± 0 101 
-P 0 121 ± 0 134 

- 0 273 ± 0 166 


It IS evident from Table III that there is a significant correlation be- 
tween the protein and the calaum concentrations m the sera of non- 
pregnant and puerperal women only In early pregnancy, the protem 
values tend to be somewhat dimimshed, while the serum calcium is 
unaffected, and the correlation completely disappears (It is realized 
that the number of detenmnations in this group is too small to permit 
an accurate statistical survey ) In late pregnancy and dunng the post- 
partum penod, all three constituents are reduced somewhat below the 
non-pregnant level, and agam there is no mathematical correlation of 
significance 

Comparative study of the serum phosphorus and calcium values in 
the vanous groups fails to eliat any significant correlation 

A mathematical formula can be evolved expressmg a relationship be- 
tween any two blood constituents which normally exhibit comparatively 
narrow ranges The proof of such a relationship, however, lies in the 
maintenance of a significant correlation between the two constituents 
under conditions allowing wide vanation of either component In normal 
non-pregnant women, the range of serum protem is slight, whereas m late 
pregnancy md durmg partuntion the protan concentration tends to be 
lower and the range is considerably increased The fact that m these 
latter groups there is no sigmficant correlation between calaum and pro- 
tan bears out the contention that the level of serum protem in these 
conditions is not the chief factor in deterrmnmg the level of the serum 
calaum The same reasoning can be applied to the relationship assumed 
to exist between serum calaum and inorganic phosphorus 


SUMMARY 

1 Vanations of serum calcium with changes of inorganic phosphorus 
at different protan concentrations were studied m non-pregnant women, 
in early pregnancy, in late pregnancy, dunng partuntion, and after 
delivery 
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2 The data indicate a significant correlation between the serum pro- 
tein and the serum calaum in non pregnant and puerperal women, which 
IS completely lost in late pregnancy and partuntion when the protein 
range is considerably rvidened 

3 No significant correlation between the serum calcium and the serum 
inorgamc phosphorus ivas observed in any of the five groups studied 

ADDENDUM 

Since the above was written, there has appeared a theoretical exposi- 
tion by Greenwald (12), in which he derives a new equation for expressing 
the relabonship between scrum protein and serum calaum (Ca = x -1- 
0 875 protein) Considenng only the groups of normal individuals ated 
by Greenwald, it is found that the protein is the more variable factor, and 
that the calculated X’alue for x is dependent largely upon the levels of 
serum protein in the group studied 
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The remirkable changes occurnng in patients suffenng from Addi 
soman pernicious anemia who hate received adequate liver therapy are 
now well known Among^hese changes the rise of the percentage of 
reticulocytes in the penpheral blood is most striking, and attention has 
also been repeatedly drawn to the gam in weight associated wnth im- 
provement m the blood picture (1) (2) 

In pigeons treated with liter preparations of known potency m per- 
nicious anemia and given intravenousl> , there was an increase of imma- 
ture red blood cells m the penpheral blood (3) On the other hand, 
normal pigeons or pigeons stan'ed until a nutntional anemia had been pro- 
duced when fed an exclusive diet of broiled liter, showed an initial gam 
of bodv weight The normal pigeon, however, on the liver diet be 
came gradually anemic, while the pigeons with the nutritional anemia 
produced by start'ation showed a partial regenerabon of the penpheral 
blood at first, then a fall of both red blood cells and hemoglobin, resulting 
in a set ere anemia This occurred m spite of rapid gun of weight An 
exclusive meat diet fed under similar conditions seemed to be much more 
adequate for blood formation in pigeons (4) This has been tenfied by 
Barlow (5) with regard to meat and onl> parbally for liver because he 
expenenced difficulty in getting pigeons to eat the liver In our expe 
rience the birds w ill eat broiled liver unless subjected to too long starvabon 
for that parbcular animal 

The effects on the blood obtained in pigeons with li\ er fed as an ex- 
clusive diet and liver preparabons fed or injected intravenously, have been 
interpreted as being dependent upon the megaloblasbc bone marrow 
found m birds, a type of bone marrow found m pernicious anemia and 
other anemias of man amenable to liver therapy To test this hypothesis 
a senes of exTienments have been made on rats an animal that has been 
used extensively for nutnbonal studies, and is therefore well standard 
ized The rat also has a hyperplastic, acbve bone marrow, but it is 
predominantly erythroblasbc and normoblasbc, i e , similar in t>pe to 

* Formerly British Medical Research Counal Fellow 
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the normal bone marrow of man The experiment was devised to give a 
possible answer to the following question 

1 Are the changes observed in pernicious anemia and in gram fed 
pigeons when liver or liver preparations effective in pernicious anemia 
are administered, dependent upon the megaloblastic character of the 
bone marrow? 

EXPERIMENTAL METHODS 

Twelve healthy male rats of the same age and approximately the same 
weight were divided into four groups Daily weights were recorded and 
reticulocyte counts made every other day, using Cunningham’s (6) modi- 
fication of Hawes’ (7) method Red cell counts were made once a week 
in a Neubauer chamber, using standard pipettes Hemoglobin determi- 
nations were made at the same time using Haldane’s method During a 
short control period they were fed on a synthetic standard rat diet ^ sup- 
plemented by the salt mixture recommended by Osborne and Mendel (8) 
Group I was then given raw minced liver ivhich was intimately mixed 
with the standard food so as to represent 25 per cent of the total amount 
fed This amount of liver was given for 15 days and then increased to 50 
per cent of the total intake for a further period of 15 days Finally 
whole liver without any other food was given for a similar period Food 
v\ as always supplied in excess 

Group H was given the standard diet only throughout the whole 
period of the experiment, thus serving as a control group 

Group HI was fed daily for 15 days, 0 5 gram of liver extract number 
343 (N N R ) derived from 14 grams of whole liver in addition to the 
ordinary standard food This was later increased to one gram of liver 
extract number 343 (N N R ), daily for 15 days 

Group IV was given the vaste product obtained in the preparation of 
a fraction potent for pernicious anemia which may have contained ex- 
tremely small quantities of the effective principle 

EXPERIMENTAL OBSERVATIONS 

1 Red blood cells No appreciable alteration was found m the red 
blood cell counts of any of the animals throughout the period of investiga- 
tion Vanations were within normal limits, the highest figure being 
9,897,000 red blood cells per c mm , and the lowest 7,720,000 In no 
case was there a variation greater than 1,000,000 in any one animal 
The same was true of the hemoglobin determinations 

2 Reticulocyte counts There was no significant alteration in the 
reticulocyte count m any of the animals The greatest variation was 
in one rat of the control group which fluctuated between 0 3 and 6 9 per 
cent, but the latter count was exceptional The average figure for the 
whole senes was 1 54 per cent 

^ Casein, 20 per cent, pure Arrowroot starch, 56 per cent, fresh creamery 
butter, 15 per cent, dried 3 east, 5 per cent, and salt mixture, 4 per cent 
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3 WciglU gam The a\erage gam in weight of the three rats receiv- 
ing the standard diet which contained 25 per cent of whole liver for 15 
days ins 15 6 grams, compared mth 13 3 grams m the control group 
Wdien the li\ er was increased to 50 per cent of the diet tlie gain m weight 
was 12 grams, as compared with 8 3 grams in a similar period m the con- 
trol animals The total gam m each group dunng tlie 30-da3 penod was 
an ai erage of 28 66 grams for each rat fed whole hi er, and 21 66 grams m 
the control group Wien fed whole hi er alone for an 18-day penod there 
was a loss of weight aieriging 12 grams 

In Group III fed liier extract, number 343 (N N R ), there was rm 
ai erage gam m weight of 15 2 grams m the first 15 days when a dose of 
0 5 gram daily was given, and of 7 83 grams in the second penod of 15 
davs when 1 0 gram was fed in addition to the standard diet, ginng a 
total ai erage gam of 22 66 grams in 30 days 

Group IV fed the w aste product of an elTectii e In er preparation made 
an average gam of only 5 33 grams in 15 days This substance was ex- 
tremelv distasteful to tlie animals, and while taking it they never appeared 
m good condition In a 3 week penod after cessation of treatment two 
rats made an average gam of 28 grams, while the third, which had some 
lung infection as the result of inhaling some of the In er preparation while 
an attempt w as being made to forcibly feed it, made no gam 

It would appear from the above observations that the addibon of 
either whole liver or liv'er extract to the diet of healthy adult rats for a 
short penod has no effect on either the weight (except perhaps in the rats 
fed whole liver), the reticulocytes, or the total number of red blood cells 
It IS recognized that the treatment was maintained for a short penod only, 
but results are obtained both m patients with pernicious anemia and in 
pigeons during a similar short penod, and tlie results are therefore com- 
parable 

The gam m weight in the animals receivung liver w as not apparently 
significantly greater than m the control group, especially when dealing 
w ith such a small senes of animals 

DISCUSSION AND CONCLUSIONS 

From the above expenments it is seen that when healthy adult rats 
were fed a synthetic diet supplemented with raw liver or liver extract 
number 343 (N N R ) no change was noted m red blood cells, hemoglo- 
bin or reticulocytes No increase in weight, considered to be significant, 
was observed in hver fed rats as contrasted with the controls 

It is of interest to note that Vedder (9) and others did not obtain any 
effect on the blood picture of rats with anemia caused by Bartonella 
muns rattis when large doses of hver extract w ere administered Rats 
with posthemorrhagic anemia with either whole hver or hver extract 
added to their diet did not regenerate red blood cells and hemoglobin 
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faster than the controls (10) Adlersberg and Gottsegen (11) produced a 
temporary anemia m healthy dogs and rabbits on an ordinary diet by 
feeding large doses of commercial liver preparations effective in per- 
nicious anemia (hepatrat and hepatropson) On the other hand, 
Whitehead and Barlow (12) report a rapid recovery in rats suffering from 
nee disease when meat or liver was substituted for the rice The curative 
effect was better with lean beef than liver Red blood cells and hemo- 
globin were completely recovered with lean beef or liver tivo or three 
weeks after the body weight had been regained 

It is evident that feeding of liver or commercial liver extract to 
healthy adult rats on an artificial standard diet, produced none of the 
effects on the penpheral blood and the weight, as has been observed in 
pemiaous anemia of man and in gram fed pigeons This is suggestive, 
and tends to support the hypothesis that a megaloblastic bone marrow is 
essential to produce the effects obtained by the administration of liver 
or liver preparations effective in pernicious anemia 
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INTRODUCTION 

Dyspnea in patients witli cardiac disease may assume a number of 
different forms The most important of these are 

A Dyspnea upon exertion 
B Dyspnea at rest 

1 Orthopnea, 

2 ParoN-ysmal dyspnea (cardiac asthma), 

3 Cheyne Stokes respiration, 

4 Continuous dyspnea 

The last four types of respiratory distress are likely to occur in vanous 
combinations Mith one another Thus, a patient dying of congestive 
heart failure may feel sewrely short of breath at all bmes, even in the 
sitting position, but his dyspnea becomes worse when he attempts to 
assume the recumbent posture, and even when he sleeps sitting up, he 
wakens w ith violent paroxysmal exacerbations of the symptom In such 
a patient, Cheyme Stokes respiration is often present to further confuse an 
already extremely complex situation Cheyme-Stokes respirabon may 
occur without the simultaneous presence of the other forms of dyspnea 
Orthopnea may also occur in " pure” form Cardiac asthma is, however, 
invanably associated with orthopnea and often with Cheyne Stokes res 
piration Continuous resting dyspnea is almost alw-ays associated with 
one or more of the other forms of respiratory distress 

Do the vanous clinical forms of cardiac dyspnea have the same path 
ogenesis? It has been customary' to say that they are all due to defiaent 
cardiac output — a statement which is far from being proved by existing 
evidence The fact that these several forms of dyspnea hav e distinctive 
clinical charactenstics suggests that they are due to different physiological 
alterations, but this is also unproved 
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It has seemed to us that any effort to reach an understanding of 
cardiac dyspnea should include 

{a) a method of measuring respiratory distress, 

(&) a study of each of the various types of dyspnea m “ pure” form, and 
(c) an investigation into the various combinations observed clinically 
A method of measuring respiratory distress has been developed and is 
reported m the tenth paper of this senes (Harnson, Turley, Jones and 
Calhoun (1931)) 

The dyspnea of mild exertion and that of orthopnea have been studied 
m regard to the relation of the dyspnea to the acid-base changes of the 
blood in paper thirteen (Cullen, Hamson, Calhoun, Wilkins and Timms 
(1931)) and paper fourteen (Calhoun, Cullen, Harnson, Wilkins and 
Tims (1931)) These studies showed that neither of these types of 
dyspnea is due to chemical changes in the artenal or venous blood, or to 
diminished cerebral blood flow 

The respiratory center may be influenced m at least three general 
ways (a) By chemical changes in the blood, (b) by impulses from the 
cerebral cortex, (c) by reflexes Having demonstrated that alterations 
of the first of these influences cannot explain either orthopnea or dyspnea 
on exertion, and considenng it extremely unlikely that any type of dysp- 
nea except that observed in hystena and allied states can be of psychic 
origin, we have been led to the conclusion, by exclusion, that the expla- 
nation for the types of respiratory distress under discussion was to be 
sought in reflex disturbances Because of the fact that functional alter- 
ations, 1 e , diminished vital capacity, etc , m the lungs are invariably 
present m patients with cardiac failure, and since it is well known that 
respiratory reflexes do arise m the lungs, it was felt that a study of the 
effects of experimental diminution in vital capacity on breathing was 
indicated 

No attempt is made here to review all of the voluminous literature concern- 
ing the reflex regulation of breathing, only a few of the investigations which are 
of particular importance for the present work -will be cited More than a 
century ago, Legallois (1812) observed that cutting the vagus nerves caused 
marked decrease in rate and increase in depth of breathing Hernng and Brauer 
(1868) showed that distention of the lungs with air caused an expiratory move- 
ment These effects, which were absent after cutting the vagus nerves, were 
interpreted as indicating that the rate of breathing was controlled by alternating 
exatant and inhibitory impulses from the lungs to the respiratory center by the 
vagus nerves Heymans and Heymans (1927) demonstrated that, in addition 
to these “mechanical” reflexes from the lungs, there existed also, through the 
vagi, afferent impulses to the respiratory center from the heart and aorta, and 
that so long as the vagus nerves were intact respiration could be affected by 
alterations of the pressure and composition of the blood in the heart and aorta 
Hertzman and Gesell (1927) also found evidences for reflexes from the heart 
and aorta, but felt that these were less important and less constant than the 
mechanical reflexes from the lungs 
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Moore (1927) showed that \agal afferent respirator} reflexes \\ere not soIcJy 
dependent on lung motion He separated the breathing of the two lungs by 
cannulating the two pnmary bronchi If when a lung contained oxjgen its 
bronchus were blocked, gradual acceleration of breathing de\ eloped this being 
sometimes temporar} but iisuall} sustained Cutting the ^agus nerve on the 
corresponding side led to a prompt slowing of the breathing These researches 
were extended b> Moore and Harrison in work which has not been published 
These authors concluded that atelectasis was an important cause of tachy pnea 
this opinion being based upon the following evidence 

1 If a lung with intact circulation be filled with owgcn and its bronchus 
blocked, atelectasis develops and a gradual increase in respirator} rate occurs 

2 If the experiment be repeated wnth the corresponding pulmonary artery 
ligated, neither atelectasis nor tach>pnca develops 

3 If the lung contains nitrogen and has an intact arculabon blocking its 
bronchus does not cause atelectasis or tachv pnea 

4 Cutting either vagus nerve slowed the respiratory rate, when tachypnea 
had been produced 

Moore and Harrison (unpublished data) interpret these obsen ations as 
meaning that the atelectatic lung was responsible for sending more or less con 
tinuous inspiratory impulses to the respintory center whereas the other lung 
being the sole functioning lung underwent inflation more rapidly than normal 
and soon reached a aufliacnt degree of distention to release inhibitory (expira 
tory) impulses to the center The result was rapid and shallow breathing 
which was to be regarded as essentially due to incoordination of the vagal 
reflexes 

Hamson and Moore (1928), in another study found that the vagal influ 
cnees on depth and on rate of breathing were often dissoaated If one bronchus 
were compressed so that the corresponding lung had a considerably smaller 
respiratory excursion than its fellow cutting the vagus on the corresponding 
side bad little or no effect on respiratory rate but was always associated with a 
pronounced increase in respiratory depth As a result of these and similar 
observations Hamson and Moore (1928) suggested that the movement of the 
lungs was the predominant factor in the reflex control of respiratory rate where- 
as some other factor, possibly reflexes from the heart and aorta, was espeaallv 
important in the reflex control of respiratory depth 

It 18 to be noted that previous students of the subject have not usually 
made complete studies of the blood gases and hydrogen ion concentration in 
their observ ations on reflex regulation of breathing Consequently there re 
mams the remote possibility that such alterations as were found might have 
been due to chemical changes in the blood Gesell (1927) has emphasized the 
importance of the blood flow through the respiratory center in the control of 
respiration and has pointed out that m order to draw conclusions concermng 
the influence of the blood on the center it is necessary to know the composition 
of the blood coming /rem as well os that going to the brain In the present 
study we have analyzed both artenal and cerebral venous blood 

SIDTHODS 

Dogs were used Sodium barbital in doses of approximately 0 3 cm 
per kilo of body weight was given two to three hours before the expen 
ment. Tracheotomy was done, and one femoral artery was exposed 
The large ocapital venous sinus, which has been desenbed by Pilcher 
(1930) and which drains most of the blood from the postenor portions of 
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the bram stem, was exposed Throughout the course of the expenment 
the animal breathed into a Benedict spirometer, which was filled with 
oxygen, the carbon dioxide being absorbed in the usual way Respira- 
tory rates were counted from the tracing except when the breathing was 
very rapid, in which instance the respirations were counted minute by 
minute in the course of the obseix^ations 

Control observations were made of the respiratory rate and samples of 
arterial and of occipital venous blood were taken The vital capaaty 
was then decreased either by (1) introducing air into the thoraac cavity, 
(2) running Ringer’s solution into the lungs through the tracheal cannula, 
or (3) distending the capillanes of one lung with blood from another dog 
The latter procedure was performed as follows 

Before starting the expenment the left fourth or fifth nb was resected, 
the pleura opened, and artifiaal respiration instituted A small glass 
cannula connected to a small bore rubber tube was then tied into the 
left pulmonary artery, the open end of the cannula pointing toward the 
lung The left pulmonary artery proximal to the cannula was ligated 
The left pulmonary veins were then tied The chest was closed around 
the rubber tube, care being taken to expel all possible air from the pleural 
cavity and to distend the lungs with the air pump in order to reinflate 
any portions which had become atelectatic as a result of the operation 
Artificial respiration was then discontinued At least one half hour was 
allowed for the breathing to become stabilized before the experimental 
procedure was begun In a few instances the animals breathed very 
rapidly after operation and morphine was given to slow the breathing 
before the control studies were made By this technique it was possible 
to produce any desired degree of congestion of one lung at will, as blood 
could be introduced into the lung and could not escape from it 

It IS obvious that although all of these three procedures reduce the 
vital capacity, it is certain that introduction of fluid either into the alveoli 
or vascular bed of the lung has additional reflex effects which are not 
produced by pneumothorax In this study, however, it is evident that 
the reduction of the vital capacity is the important common factor and 
discussion of the other effects will be omitted during the remainder of this 
paper for the sake of simplicity 

After the vital capacity had been reduced by one of the methods 
descnbed the breathing became rapid and a second pair of blood samples 
(artenal and occipital venous) were taken The vagus nerves were then 
cut and the entire experimental procedure repeated The expenments 
vaned somewhat in the exact details, which are shown in the tables 
The blood samples were taken under oil with Luer synnges Contam- 
ination with air did not occur Approximately six cubic centimeters of 
blood v ere expelled under oil into a bottle containing oxalate This was 
used for oxj’^gen determination, which was performed on the Van Slyke- 
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Fig 1 The Curves Run from Right to Left 
The numbers refer to respiratory rate per minute Production of pneumo- 
thorax when the vagus neiwes were intact (/I) was followed by a moderate in- 
crease in respirator}’' rate This persisted until the vagus nerves were cut {B) 
After vagotomy, pneumothorax did not increase the rate of breathing (C) until 
sufficient air was introduced to seriously decrease the depth of breathing Then 
there was marked tachypnea followed by apnea and death {D) Significant 
chemical changes in the blood did not occur until the final introduction of air 
into the chest 


The effect of reduction of vital capaaty on the resptralory rate and ventilation and on the oxygen saturation and acid base condition of arterial and 

occtpttal vcntnts Hood 
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ence on respiratory depth may be present when there is no influence on 
respiratory rate 

Vagotomy usually caused decrease m minute ventilation, although 
several experiments were exceptional in this regard After the vagi had 
been cut, decrease m vital capacity caused increase m the respiratory rate 
m only two of seven experiments and in one of these the degree of increase 




c 
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Fig 2 The Curves Run from Right to Left 

The introduction of Ringer’s solution into the lungs caused, after a short 
penod of apnea, marked acceleration of breathing when the vagus nerves were 
intact (A) Cutting the vagi (B) slowed the breathing After vagotomy, 
Ringer’s solution was again introduced into the lungs but did not cause rapid 
breathing (C) However, the animal was able to respond to chemical stimuli 
as was shown by injecting lactic acid (D) 


was small In the remaining five observations the same procedures which 
invariably caused rapid breathing in animals with intact vagus nerves 
had no effect on the respaatory rate (The reasons why two experiments 
were exceptions to the general rule are given below ) In vagotomized 
animals, reduction in vital capacity by any of the three methods used 
vas usually followed by diminution m the depth of breathing and in the 
minute ventilation 
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Fic 3 The Cdk\es Run from Right to Left 
When the \agus nenes nen. intact distention of the pulmonarj capillanes 
mth blood caused tachjpnea (A) Cutting the tagi caused slowing of the 
breathing (5) After tagotomj introducing additional blood into the lung 
did not increase the rate of breathing (Q 

B Changes <« the oxygen satnratton and acid base condition of the blood 
The initial arterial saturation with owgen was usually high, as the 
animals were breathing oxygen In only two of twelve observations was 
there significant decrease in the artenal saturation at the time when the 
respirations first increased in rate In animals wuth the vagi intact, 
progressive diminution in vital capaatv caused tachypnea before signifi 
cant oxygen unsaturation developed With marked decrease in vital 
capacity there is a decreased oxygen saturation of arterial blood The 
artenal unsaturabon therefore could not have been the cause of the 
tachypnea Likewise agnificant alterations in ocapital venous ox'ygen 
content did not occur from slight reduction m vital capacity The 
artenovenous difference did not undergo any constant changes and hence 
the rapid breathing cannot be asenbed to dirmmshed cerebral blood flow 
The onset of tachypnea was usually associated with slight diminution of 
the carbon dioxide content of the blood, both artenal and ocapital venous, 
although in sexeral expenments slight nse in carbon dioxide content was 
observed The degree of change was usually not sinking Consistent 
alterations in pH were not found In some expenments no change was 
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noted, in others a decrease, and m still others an increase occurred at the 
time when rapid breathing began Likewise, consistent alterations in 
pQOi did not occur In the majority of instances decrease m vital capacity 
caused an initial reduction in carbon dioxide pressure but at times the 
reverse was found 

Cutting the vagus nerves was usually followed by no marked change in 
the artenal oxygen saturation However, in two expenments the marked 
slowing of respiration was associated with a sharp decrease in arterial 
saturation Vagotomy usually altered the occipital venous saturation 
The arteriovenous oxygen difference between the blood entering and that 
leaving the brain was decreased (indicating greater blood flow) three 
times and increased (indicating lowered blood flow) five times The 
differences observed after vagotomy were usually well outside the errors 
of the method It appears probable, therefore, that cutting the vagus 
nerves may be followed either by increase or decrease in cerebral blood 
flow 

The carbon dioxide content and the pH of the blood were not altered 
in any constant direction by vagotomy When the respiratory rate 
before vagotomy was extremely slow, cutting the vagus nerves resulted 
m greater ventilation and was likely to be followed by diminution in the 
carbon dioxide tension and content of the blood and by increase m pH 
(Experiment 5) In other instances, when vagotomy produced extreme 
slowing of the respiration, the reverse change occurred (Experiment 16) 
Often, cutting the vagi produced no significant change m the carbon di- 
oxide content or hydrogen ion concentration, despite marked changes in 
the rate and character of the breathing 

In the majonty of instances the same procedures which produced no 
consistent changes m dogs vnth intact vagi were followed by changes m 
the direction of carbon dioxide acidosis in vagotomized dogs In the 
latter animals diminution of vital capacity was as a rule followed by in- 
crease in carbon dioxide content, decrease in pH and marked increase 
in carbon dioxide tension of the serum 

Taken as a whole, such chemical changes as were found in the blood 
were clearly the results and not the causes of the changes observed in 
ventilation This conclusion is the same as that arnved at in our studies 
on ventilation and blood composition in patients with cardiac disease 

C The effect of changes of oxygen saturation and aad-hase condition of the 

blood on breathing 

In a number of the experiments which have been mentioned changes 
in the composition of the blood were found These were usually slight 
and it was not believed that changes of such small magnitude could ac- 
count for the alterations observed in breathing However, in order to be 
more certain of this point, expenments were undertaken to determine 



HAKRISON, CALHOUN, CULLEN, WaLKINS AND PILCHER 


145 


the sensitivity of dogs anesthetized in the same manner to changes in 
the gases and pH of the blood The data are shown in Table 2 and Fig 
ures 4 and 5 

Anoxemia vas produced bj allowing the animals to rebreathe air 
from a Benedict spirometer, the carbon dioxide being absorbed In each 
instance increase in ventilation resulted, this being due either to increase 




Fig 4 The Curies Run rRou Right to Left 
The lagus nerves were intact throughout the experiment Anoxemia {B) 
caused increase in rate and depth as compared to the control penod {A) 
Carbon dioxide excess (£•) caused increased depth and slight increase in rate of 
breathing as compared to the control penod (Q Intravenous injection of am 
momum chlonde (F) caused increase in respiratory rate and depth as compared 
to the breathing before the injection (£) Following the injection of ammomum 
chlonde apnea developed (F) This was followed by extremely slow breath 
ing (G) Pneumothorax caused prompt and marked increase in the respiratory 
rate with diminution in depth (G) The experiment illustrates the greater 
sensitivity of the respiratory rate to changes in the vital capaaty (reflex stimuli) 
than to change in the composition of the blood (chemical stimuli) 

in rate, increase in depth, or both In no instance did anoxemia result 
in extreme tachypnea It is therefore clear that the changes m respira 
tory rate which occurred in the previous experiments when the vital 
capaaty was reduced could not have been due to the slight degrees of 
anoxemia which occasionally developed 

It appears from Table 2 that, in order to double the minute ventilation 
the artenal saturation must be reduced to sixty per cent or less Oxygen 
10 




Vagi Intact 


Vagi Cut 



Fig 5 The Curves Run from Right to Left 
Oxygen lack {B) caused moderate increase in respiratory rate and slight 
increase in respiratory depth Carbon dioxide excess {D) caused moderate 
increase in rate and marked increase in depth of breathing Intravenous ad- 
ministration of ammonium chloride (F) caused increase in respiratory rate with 
no distinct change in depth Following the injection the rate of breathing 
diminished markedly (F) A small amount of air in the pleural cavity caused 
moderate increase in respiratory depth (G) and further pneumothorax caused 
extreme tachypnea {H) Cutting the vagus nerv'es diminished the rate and 
increased the depth of breathing (J) After Tagotomy carbon dioxide excess 
(/) produced marked increase in depth and slight increase in rate, oxygen lack 
caused increase in both rate and depth (L), whereas ammonium chloride caused 
hyperpnea follov ed by apnea (iV) The response to chemical changes is similar 
V, hether the vagus ner\ es are cut or intact, whereas the response to diminished 
vital capacity is dependent on the ^ agus nerx es 


tadle 2 

The efecl on respiration of changes in oxygenation and acid base condition of the artenal 
Wood 0/ dogs in relaiion to wgo/ooij 


J' DfMtJunc O7 Coni™ 
RebrcatlilnRalr (Anoxctnbx) 
BroathincO^ Control 
Breathlnc Oj — COi not ab- 
ioibed COjcxtTii 
Brcaihlnc Oi Control 
Durlne Injection of 1 Oprara 
NlhCl In 1 minute 
3 minatcf after NlltCl 
Durloc Injection of add! 
tional 1 0 emra NIIiQ In 
1 minute 

2 mlnutenaftcr NlltCl 


20 40 97 6 
14 53 60 6 

2 1 60 103 2 



BreathlruOj. Control 18 15 93 1 57 6 

Rebrenthinff alf ( VocFxemla) 8J8 44^ SI 4 
DreatbInROj Control 19 10 103 2 55 4 


18 74 101 2 48 3 


17 65 9SJ 37 ^ 


DreatlilBK Or— C6i not ab- 
wjrbcd COjcxoM* 18 60 lOOJ 57 J 

Br«iUjIn«Ot Control 18J6 994 53 2 

Durfns lojetilon of NHtCl 
after 0 3 cram in 1 minute 18 74 101 2 48 3 

Immediately after injection 
ol 1 6 cram NHiCl in 7 
mlaate* 17 65 954 374 

2 mlnutei after Injection of 

Nn«a 

Before pneumothorax 

UicrpTwumotlwrax 700 cc 16 70 904 34 4 

After cuttlnc \tibI Drcatb 
InffOr- Control 
Drealhinc Oj — COj not ab- 
sorbed COjcrcerj 
Breathhic Oi Control 
Rebreathlnc air (Anoxemia) 

BrcathlncOi Control 
Darina Injection of NlUCl 
14 cram In 7 minute* 

1 minute after NH 4 CI 
5 minute* after NlltCl 
After pneumotliorax 


Breathlna Oj. 
Rebreathlnc 0 


air (Anoxemia) 1340 69 1 

Control 19 44 lOt 7 


Breathing Oj. Control 
BrcflthhiR Oi — COj not ob- 
»orbed COiexce** 
Breathing Ol Control 
During Inle^on of NHiCl 
U gram In 6 minutes 
Immedlatdy after NH*C1 
Before pneumothorax 
After pneumothorax 200 cc. 

After vncototn> Breathing 
oj. Control 

Rebreatlilnn air (Anoxemia) 
Breathing Cij. Control 
Breathlag Oi — COj not ab- 
sorbed COiexceii 
Breathing Ol Control 
During Injertlon of NHiCl 
I 2 gram m 5 minute* 

1 minute after NHiCl 
5 minute* after NHiCi. 

Before pneumothorax 
After pneumotbortLX 200 cc. 


15 60 81 7 

11 64 604 

1M6 96 8 
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lack was associated with staking decrease in carbon dioxide tension and 
marked nse in pH These changes were, of course, the results of the 
increased ventilation 

Carbon dtoxtde excess i\as produced by allowing the animal to rebreathe 
oxygen from a Benedict spirometer, the soda lime container having been 
removed The breathing was more sensitive to carbon dioxide excess 
than to oxygen lack, the response bemg not only quantitatively but also 
qualitatively dissimilar The reaction to increased carbon dioxide in the 
inspired air was characterized by relatively greater increase in depth and 
relatively less increase in rate than was the response to anoxemia 

Although the animals were more sensitive to excess of carbon dioxide 
than to lack of oxygen, their sensitivity to the former stimulus was much 
less than has been generally believed Haldane and Pnestley (1905) 
stated that a rise of one millimeter in the carbon dioxide tension of the 
alveolar air was sufficient to double the ventilation Such a change would 
correspond to a decrease of 0 01 to 0 02 in pH In our animals the small- 
est increase in PCO 2 found at a time when the ventilation was approxi- 
mately doubled was 5 mm , and the smallest decrease in pH was 0 04 
The average change in these values was much greater, being 11 mm and 
0 12 pH respectively when the ventilation was increased by approxi- 
mately 100 per cent One might raise the objection that our studies were 
performed on anesthetized (barbital) dogs, whereas the observations of 
others have been made on normal men On the other hand, studies on 
the alveolar air alone can give at most only incomplete and possibly un- 
reliable mformation about the blood, even assuming that one gets a true 
alveolar sample of air Furthermore, it has already been shown (Cullen 
and Earle (1929)) that changes of considerable degree may occur in the 
pH and ^COn of normal mdmduals dunng the course of the day, with no 
staking changes m ventilation, and further (Study XIII of this series) 
that marked changes in ventilation may occur m normal men with no 
change, or even shifts toward alkalinity, in the pH and pCOn For these 
reasons we agree with Gesell (1927) that the doctane of the extreme sensi- 
tivity of the respiratory center to changes in the blood composition is in- 
correct 

The pH of the blood was reduced by injecting ammonium chloade 
In each expeament characteastic changes in breathing were noted 
Duang the injection the ventilaDon increased in each instance, this 
change being due either to increase in depth or rate or both The change 
m depth was less staking and less constant than was found when carbon 
dioxide was breathed, the response to ammonium chloride being similar 
to that produced by oxygen lack Within one to three minutes after the 
injection the breathing decreased m frequency and apnea sometimes re- 
sulted In one animal this was fatal The pH was markedly diminished 
by ammonium chloade in each instance, the degree of decrease varying 
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from 0 14 to 0 30 The carbon dioxide tension t\ as usually elevated when 
the blood wasdraum while the salt was being injected or immediately after 
Studies were not made of the blood dunng the apneic penod follow mg the 
injection but it is considered probable tint at this time the pCOi was much 
diminished 

In several expenments observations were made, during tlie apneic 
fienod follownng the administration of ammonium chlonde, of the effect 
of diminishing the vital capacity by pneumothorax In each instance a 
prompt increase m respiratory rate was observed, provided the vagi were 
intact (Fig 4) 

The effect of changes ttt the acid base condition of the blood on the breathing 
of vagotomiecd dogs was studied m two animals (Table 2, animals 19 and 
20) It IS seen that ox>gen lack, carbon dioxide excess and ammomum 
chloride were always followed by increased minute ventilation, and often 
followed by increased respiratory rate Possibly the vagotomized dogs 
were somewhat less responsive as regards ventilation than were the am 
mals with intact v agi, but our data are not complete enough to prove this 
The w ork of Heymans and Heymans (1927), indicating that not only the 
respiratory center but the peripheral vagal afferent fibers to the center 
are also stimulated by chemical changes in the blood, would suggest such 
a conclusion 

It should be emphasized again that the dogs responded differently to 
excess carbon dioxide than to ox-ygen lack or ammonium chlonde Ac 
cording to the Haldane (1922) theory' of respiratory control, one would 
exytect a dissimilar reaction to the former two stimuli but one would ex- 
jiect a similar response to acidosis, whether produced by V'olatile or non- 
volatile acid However, the effect of ammomum chlonde was somewhat 
similar to that of oxygen lack, and was rather unlike that of carbon dioxide 
excess This fact seems to confirm the idea of Hooker, Wilson, and 
Connett (1917), and Scott (1918), that carbon dioxide has a more or less 
speafic effect as well as an acid effect This specific effect is probably as 
Jacobs (1920) has suggested, a function of the great diffusibihty of CO 
Further observations along this line are being made 

As a result of tliese observations, showing the relative insensitivity of 
the ventilation to changes in blood composition, and more espeaally the 
relative insensitivity of the rate of breathing to such changes, it seems 
clear that the marked increases in respiratory rate which were produced by 
diminishing the vital capacity and which were associated with no change 
or only slight alterations m the blood composition could not have been due 
to changes in the blood These observations, as well as those concerning 
the effect of vagotomy seem to show clearly that tachypnea resulting rrom 
diminished vital cajiaaty is due to afferent vagal reflexes 
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DISCUSSION 

In the preceding paper of this series (Calhoun, Cullen, Harrison, 
Wilkins, and Tims (1931)), studies were made of orthopnea It was 
found, as Chnstie and Beams (1922) had previously reported, that on 
assuimng the recumbent posture the patient with orthopnea has a signifi- 
cant reduction of vital capacity Hence, in the recumbent posture the 
tidal air became a greater fraction of the vital capacity and this was be- 
lieved to be one important cause of the dyspnea in the recumbent position 
But it was also found that patients with severe orthopnea often breathed 
more rapidly in the recumbent than in the sitting posture, a paradoMcal 
effect, being the opposite reaction to that usually observed in normal 
persons who often breathe more slowly in the recumbent position It was 
evident that this increase in the rate of breathing in a person whose 
respiratory muscles were already performing more than the normal 
amount of work Avas an important factor in the production of further 
subjective respiratory distress In the study referred to, the cause of this 
increase in the rate of breathing was not found The present study indi- 
cates clearly that decrease in vital capacity can, per se, produce rapid 
breathing by reflexes from the lungs The mechanism of orthopnea there- 
fore seems to be clear 

The patient with congestive heart failure of moderate degree has a 
considerable decrease in his vital capacity, even when sitting Although 
his respiratory rate is likely to be somewhat greater than normal his tidal 
air IS usually a larger fraction of his vital capacity than is the case in a 
normal individual This in itself means a greater respiratory effort per 
breath But, due to his decreased vital capacity he has a slight increase 
in respiratory rate Hence, he has to make more than the normal number 
of muscular efforts per minute to breathe Because of the great reserve 
power of the respiratory muscles he may have only slight or even no 
respiratory distress 

On lying down his vital capacity is, because of increased volume of 
blood in the lung and higher diaphragm, diminished still further, by 
possibly 300 cubic centimeters To a normal subject such a decrease, 
being only perhaps eight per cent of the total vital capacity, would make 
no perceptible difference But as has been stated, the patient was already 
unconsaously draivmg on his respiratory reserves, and furthermore, this 
decrease may represent a fifteen per cent (or greater) diminution in his 
Antal capacity If his minute ventilation is to remain the same he has to 
either breathe a still larger fraction of his Antal capacity at each breath or 
he has to breathe faster Actually he does both in many cases The re- 
sult is not only an increase in the muscular effort involved for each 
breath but, because of vagal reflexes, an increase in the number of efforts 
each minute He Avas already using some of the reserve power of his 
respirator^' muscles but not enough to be conscious of the effort inA'olved 
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The increase in the muscular efTort of breathing becomes, on Ijnng down, 
sufficient to produce a sensabon of fatigue in the respiratory muscles and 
he feels "short of breatli ’ Other factors, such as the sense of congestion 
in the head due to the increase in venous pressure on lying down and 
slight decrease in the aeration of the blood in the recumbent posture, may 
ph> some rOle but tlie essential features in the mechanism of his orthop 
nea are those descnbed 

At a later stage of his disease, the patient's vital capacity is still 
less Eien when he sits up it is very low The result is the constant 
resting d\ spnea, w hich is such a distressing feature of the terminal stage of 
cardiac failure in many patients 

Orthopnea occurs not only in cardiac disease but also in certain other 
conditions, such as severe cases of pneumonia, pleural effusion, marked 
ascites, pneumothorax, massne collapse of the lung etc All of these 
conditions are characterised by diminished vital capaaty and by increased 
respiratory rate It seems to us likely that in these cases also orthopnea 
and dyspnea are due m the mam, to decreased vital capacity and conse- 
quent reflex tachyqinea Dvspnea in pneumonia has neaer been satis 
factonly explained Undoubtedly', pain, fever w ith increased metabolic 
rate, and anoxemia phy a rOle. Howexer, one observes patients wnth 
pneumonia who ha\e little or no pain, afncse anoxemia has been relieved 
by ox-vgen therapy, and who still are breathing rapidly — more rapidlv 
than can be ax-plained by fe\er alone. It is probable that the rapid 
breathing in such cases is due to reflexes caused by decrease in x'ltal cap 
aaty This conclusion is somew hat similar to that arrived at by Bmger 
and his co-workers (1925-1927), who in a senes of studies on rapid 
breathing xvere led to tlie view that the changes in the lungs themselves 
were responsible for the tachypnea 

Investigations of tlie blood have provided satisfactory explanations 
for tlie breatliing of diabetic and renal acidosis, w hich are charactenzed 
by marked increase in the depth and relabx'ely slight increase in the rate 
of breathing Adequate explanations for the shallow rapid breathing of 
condibons assoaated wnth cardiac or pulmonary disorders and hence with 
decreased xntal capacity', have not been furnished by chemical studies of 
the blood, and hitherto have been lacking We believe that reflexes from 
the lungs are the chief cause of dyspnea in such condibons 

The concept of the extreme delicacy of the respiratory response to 
chemical alterations in the blood must, as has been emphasized by Gesell 
(1927), be abandoned From tiie present and the preceding studies of 
this senes (XIII Cullen et al XIV Calhoun et al ) it seems evident that 
the nervous regulatory mechanism is more delicate than the chemical 
One can thmk of the latter as being like the coarse adjusbng screw and of 
the former as being like the fine adjusbng screw of a rmcroscope The 
sensibvity of the reflex respiratory control is a fact of considerable signifi 
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cance Because of it respiration is altered in such a way as to tend to 
prevent gross chemical changes in the blood The constancy of the 
“miheu tiifirieur” (Claude Bernard) is thereby maintained 

SUMALARY 

Studies have been made of the respiratory rate and depth, the minute 
ventilation, and of the oxygen, carbon dioxide and pH of the artenal 
blood and of the venous blood from the brain of dogs anesthetized with 
barbital In some experiments artificial reduction of vital capacity was 
produced either by pneumothorax, by introducing fluid into the lungs 
through the trachea, or by distending the capillanes of one lung with 
blood, according to a technique which has been described In other 
experiments observations ivere made concerning the sensitivity of the 
respiration to oxygen lack, carbon dioxide excess and to acidosis produced 
by the intravenous injection of ammonium chlonde The following re- 
sults were obtained 

1 Reduction of vital capacity by any of the methods used resulted 
in rapid breathing, provided the vagus nerves were intact In such ex- 
penments chemical changes of the blood were usually either absent or in 
the direction of increased alkalinity 

2 In vagotomized dogs diminution m vital capacity was usually not 
followed by rapid breathing, unless the diminution was of sufficient degree 
to produce either marked oxygen lack or increased acidity of the blood 

3 Oxygen lack, produced by rebreathing, caused increased ventila- 
tion either by increase in depth, rate or both In order to double the 
ventilation it ivas usually necessary that the artenal blood be less than 
60 per cent saturated 

4 Carbon dioxide excess caused marked increase m depth and rela- 
tively slight increase m rate of breathing The response of the animals 
to carbon dioxide excess was quantitatively greater and qualitatively 
different from that of oxygen lack In order to double the ventilation it 
was usucJly necessary to produce a fall of approximately 0 10 in pH and 
a nse of 10 mm Hg in carbon dioxide tension of the artenal blood 

5 The effect of the acidosis produced by ammonium chlonde on the 
breathing was unlike that of carbon dioxide excess and rather similar to 
that of oxygen lack, being charactenzed by a relatively great increase m 
rate and only slight increase m depth Following the injection of am- 
monium chloride apnea sometimes occurred 

6 Chemical changes in the blood never produced the extreme degree 
of tachypnea which resulted from dinmished vital capaaty 

7 Vagotomized dogs, although insensitive to diminution in vital 
capacity, reacted with increase in ventilation to chemical changes in the 
blood 
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CONCLUSIONS 

From these obsenitions the following conclusions ha\e been drawn 

1 Orthopnea and the continuous djspnea at rest which occurs in the 
terminal stages of cardiac disease are of reflex ongin and dependent on 
diminished Mtal capaata 

2 It IS probable that the rapid breathing found in various diseases 
of the thoracic organs accompanied by decrease in vital capaaty is es- 
senpallj of reflev ongin 

3 The reflex mechanism of respirator^' control is more sensitive than 
the cliemical mechanism The respiratory center seems to be much less 
sensitive to alterations in the composition of the blood than has been 
generally behe\ ed 
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GASTRIC ACIDITY IN NORMAL INDIVIDUALS 


J LERaAIAN F D PIERCE A'lD A J BROGAN 
(From (hr iMical Clmic of Ike Massackusells General Hospital Boston) 
(Rccc^-cd for publication August 13, 1931) 

A reaaew of the literature re\eals comparatively little information 
concerning gastnc aadity in normal individuals The available data 
are based mostly on test meals of the Ewald tjpe In addition to the 
technical difficulties in analysis inherent in these methods, they fail to give 
a maximum stimulation for secretion of gastric juice, as do histamine or 
histamine plus alcohol Consequently the average acidities of the avail- 
able standards are Ion and the incidence of achlorhydna high As 
demonstrated by Gompertz and Vorhaus (1) and Bockus and Bank (2) 
histamine used in conjunction vith the test meal enables one to differen- 
tiate true from false achlorhvdna Thus Datnes and James (3), studying 
normal persons over the age of 60, and Vanzant (4) investigating a large 
senes of normals of all ages, have made use of this means of differentiating 
true from false achlorhjdna Except for the recently published data of 
Polland and Bloomfield (S), we haxe been unable to find any normal 
gastric acidity standards based on histamine as the gastnc secretory stim- 
ulant An objection to their results may be raised, namely , they do not 
contain figures for the madence of achlorhydna 

Because of the lack of suitable data concerning the gastnc acidity of 
the normal individual it was deemed advisable to collect our oivn from the 
hospital records before proceeding w ith our study of the gastric secretion 
in vanous pathological conditions We are placing these on record, with 
the hope that they may be of \alue to those who use the technique of 
gastnc analysis similar to ours 


IIKTHOD 

The gastnc contents were obtamed m the morning after a 12 hour 
fasting penod A gastnc tube xvas introduced through the nose and the 
fasbng contents removed This xvas followed by the subcutaneous in 
jection of 0 5 mgm ergamine aad phosphate (histamme) and the admin 
istrabon through the tube of SO cc of 7 per cent alcohol Samples of 
gastnc contents were drawn at half hour and one hour mtervals, all of the 
contents being removed wnth the last sample The volume, and the free 
and total aadity of each sample were determined, usmg TOpfer's reagent 
and phenolphthalem as the indicators in the titration of the respective 
acidities In addition, the gross physical charactensbcs and the presence 

ISS 
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of occult blood were recorded All analyses were made by various mem- 
bers of the resident medical staff 

We have concerned ourselves mainly with the free and total acidity 
and their correlation with age, sex, red blood cell count and hemoglobin 
content In making the tables and charts we used the maximum acidity 
obtained following stimulation with histamine and alcohol In the case 
of the red blood cell count and hemoglobin content, the average values 
were taken 

The measurements of volume were considered too inaccurate to fur- 
nish any useful information 

We did not use the method of continuous withdrawal of gastric con- 
tents at 10 minute intervals as advocated by Polland, Roberts and Bloom- 
field (6) The use of alcohol plus histamine makes our data incomparable 
to those of Polland and Bloomfield (5) based on histamine alone, but our 
data are more comparable to those of Vanzant (4) , based on a test meal of 
crackers and water, and histamine in cases of achlorhydria The alcohol 
test meal has the additional advantage of meeting the criticisms offered 
by Henning (7) and by Comfort and Osterberg (8), namely, that certain 
cases fail to secrete free acid with histamine but do so with a test meal 

MATERIAL 

The records of all patients having had gastric analyses dunng the 
years 1928-1930 inclusive were examined Out of a total of 720 records, 
200 were selected as representing normal individuals All persons 
suffering from any disease which might possibly affect gastric secretion 
were excluded from this series of cases In addition, the absence of 
severe gastro-intestmal symptoms, roentgenological examination of the 
gastro-intestinal tract and Graham test and a relatively negative physical 
examination were required before a patient was considered normal ^ 

Most of the 200 cases were in the age groups of 20-69, fairly uniformly 
distributed There were 5 under 20 years of age, and 5 over 7 0 There 
were 90 males and 110 females The results for free and total acidity in 
relation to age are tabulated m Tables 1 and 2 The normal aadity 
range was considered to be 20—70 cc for free acid and 10 points higher 
for total acid 

The average free acidity was 40 4 cc of 0 1 normal acid per 100 cc 
There was a fluctuation in the age groups between 36 8 cc and 57 8 cc , 
but no definite relation to age The total acidity ranged approximately 
10 points higher, the average being 50 1 cc On calculating the coefficients 
of correlation between age and gastric acidity, we found the results to be 


^ There were a number of doubtful cases which were examined very care- 
fully with the help of Dr Chester M Jones before they were included as nor- 
mals or rejected 
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TABLE 1 

Dtsiribulton age of the free acidity of ZOO normal subjects 





Arc (Yciri) 




Cc. 0 1 N iia 








Total 
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20-W 



SO-59 

60H59 

70 -f 


per too cc. 

loses 

easts 

eases 

cases 
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casts 

cases 

ro 
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4 

10 

6 


26 

1 1-9 


1 

2_ 

2 

4 
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10-19 


2 

5 

4 

5 

4 

1 

21 

20-29 
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4 
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3 

7 
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1 
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5 

7 

2 
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50-59 
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3 

5 
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21 

60-99 


2 

2 

3 

4 

5 


16 

70-79 

t 

2 

1 

5 

5 

3 

1 

18 

80-89 


1 

5 

1 

4 

2 


13 

90+ 
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3 

4 

1 

2 

11 
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5 

23 

m 

HQI 

51 

36 

5 

200 

A%'cragc acidity 

50 2 

43 3 


42 4 


M: 

m 


A^•cngc of 174 cases with free and 

50 2 

45J 

42 1 

47 1 

48 1 

46 6 

57 8 



Standard donation of aadity — 28 4 
Standard donation of age “ 14 3 


TABLE 2 

Distribution by age of the total acidity of ZOO normal subjects 


Cc. 0 1 N iia 

Abc 
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5 

23 

40 

40 

51 

36 

5 

200 

A\’crage acidity 

57 2 

53 2 

1 

467 

51 4 

48 2 

50 4 

62 6 



Standard deviation of aadity = 30 7 
Standard denation of age = 14 3 
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— 0 015 zb 0 048 for free acid and + 0 009 zb 0 048 for total acid, values 
which are not significant 

The incidence of anacidity was 13 0 per cent, of hypoacidity 16 5 per 
cent, of normal acidity 49 5 per cent and of hyperacidity 210 per cent 
The results for the incidence of achlorhydria with age are extremely 
interesting and are represented graphically in Figure 1 The unusual 
finding was the low incidence of anacidity in the age groups of 65 and 
over, 1 e 5 3 per cent of the 19 cases m these groups Taking the data 
as a whole we find there is no significant correlation between age and in- 
cidence of anacidity However, as the chart illustrates there is a definite 



Z 4 23 54- 39 44 49 54 53 6+ 69 
RGE 

Fig 1 The Percentage Incidence of Achlorhydria in Normal People 

IN Different Age Groups 

increase in the incidence up to the age of 65 Of the 28 cases under 30 
years of age 3 6 per cent showed achlorhydria, whereas 24 4 per cent of the 
45 cases belonging m the age groups of 55-64 revealed this same finding 
The coefficient of correlation between the incidence of achlorhydria and 
age (up to 65 years) is -b 0 85 zb 0 062, a very significant one The 
decrease m incidence after 65 years is difficult to explain Vanzant (4) 
makes the interesting suggestion that the mortality rate may be higher m 
persons with achlorhydria than m those with free acid m the stomach 
These older people also showed a tendency to hypersecretion For 
example, the incidence of hyperacidity in the age groups under 65 was 
19 3 per cent, with relatively slight fluctuation m the different age groups, 
\\ hereas o^ er 65 it was 36 8 per cent 
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The preceding results are not in accord with the data of other invesb 
gators For example, Bloomfield and Keefer (9), using an alcohol test 
meal, and Polland and Bloomfield (5), using histamine, found a definite 
correlation between acid secretion and age The former workers also 
noted an increased incidence of achlorhydna with advancing age Our 
results agree qualitatively with those of Vanzant (4) 

As indicated m another communication (10) there is a stnking differ- 
ence m the gastric secretion of die sexes Figure 2 shows that the 
a\ erage secretion of free acid by age w as usually higher in the male dian in 
the female, but after the age of 50 the tendency was towards equal values 
The ar erage free aaditi for the male w as 44 7 ± 1 91 cc, and for the fe 



Age Groups (ysS) 

Fig 2 The Ai erage Secretion of Free Acid of Isorual Male and 
Feuale Patients According to Age 

male 36 8 ± 1 86 cc , a difference of 7 9 ± 2 67 cc This value is defin- 
itely significant because it is about three times its probable error There 
was no correlation between aadity and age m each sex The increase in 
achlorhydna was present m both sexes, but to a relatiaely greater degree 
m the male 

The sex differences may also be demonstrated by companng the m- 
adence of the vanous degrees of free aadity 



Male (90) 

Female (110) 


p<r uui 

p€r ctrtl 

Anaadity 

too 

15 4 

Hypoacidity 

11 1 

20 9 

Normal aadity 

5S6 

445 

HjTJeraadity 

234 

19 2 
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These results indicate that females more frequently have anacidity 
and hypoacidity, and less often hyperacidity Mathematically, the odds 
are 8 to 1 against the occurrence of such results on the basis of chance 
alone In Figure 3 the above percentages are compared graphically 
The differences appear even greater because the results for the males have 
been corrected for age distribution, using the females as standard It 
should be noted that the results for total acidity ran parallel with those 
for free acidity and therefore are not recorded 

% 


60 


50 


40 


30 


ZO 


10 


Fig 3 The Percentage Incidence of the Various Degrees of Acidity 
IN Normal Male anti Female Patients 
The results are corrected for age distnbution of males as compared to the 
females 

An attempt was made to correlate the gastric acidity with the red 
blood cell count and hemoglobin content The distribution data for free 
acidity are given m Tables 3 and 4 It is evident from Figure 4, that 
the red blood cell count and hemoglobin content tended to vary directly 
M ith the average acidity For example, the average free acidity for the 
22 cases w ith counts under 4 million cells was 31 4 cc and for the 21 cases 
w ith counts over 5 5 million cells n as 53 3 cc , the average free aadity fcr 
the 15 cases nith hemoglobin values below 60 per cent was 19 7 cc and 


■ MALE 
□ FEMALE 



HYPO- NORMAL HYPER- 

RNRCiBiTr HciDirr flooiir hcidih 
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TABLE 3 

DisirthuUon of the free aadtty of 199 normal subjects acccrdtni to level of red blood cell count 
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Red blood cell count tMlUIoni) 
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3 
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12 

SO 

56 

so 

IS 

6 

199 

A^•eragc aadit> 


30 8 

1 

37 4 

38 8 

1 42 8 

47 4 
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Standard deviation of aodity « 28 4 

Standard deviation of red blood cell count ■■ 0 64 

TABLE 4 

Dutrihution of the free aadtty of 198 normal subjects accordtni to hemoglobin levels 
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Standard deviation of hemoglobin ■=• 12 5 
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for the 98 cases with hemoglobin values of 80 per cent or over v^s 41 3 cc 
The coefficient of correlation betv^een the free acidity and red blood cell 
count is + 0 195 ± 0 046, or 4 2 times its probable error, betvi'een the 
free acidity and hemoglobm content the coefficient is + 0 123 ± 0 047, 
or 2 6 times its probable error The former is highly significant but the 
latter only probably so The corresponding coeffiaents for total aciditj^ 
are + 0 205 ± 0 046 and + 0 141 dz 0 047 respectively These correla- 
tions apply to all levels of aadity, a fact which is more clearly demon- 
strated m Tables 5 and 6 These tables condense and summarize the 





H8G%-50 50-53 60-63 70-73 iO-83 SO* 

Fig 4 The A\fERAGE Free Acidity of Normae People According to the 
Levels of Red Blood Cell Count and Hemoglobin Content 

TABLE 5 

The percentage ntcidettu of the various degrees of free acidity tn relation to red blood cell count 



Red blood cells (Millions) 

—4 00 

4 00-4 49 

4A0-4 99 

5 00-5 49 

5J0-(- 


per cent 

fer Ctrl 

per cent 

per cert 

per cent 
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of cases 

of cases 

of cases 

of cases 

Anaaditj 
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12 5 

14 0 

0 

Hj-poaadiU 

27 3 

22 0 

12 5 
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14 3 

Normal aaditj 

45 5 

400 

57 1 

52 0 

52 4 

Hj*peraadit\ 

9 1 

22 0 

17 9 

22 0 

33 3 
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TlDLE 6 

The percentage tnadence of the ranotis degrees of free acidity in relation to hemoglohm 



! Ilenjoslobin (Per cent) 

-60 

60-69 

70-79 

80-89 
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rfxr unt 

firr cent 
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of casts 
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Anaadity 
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16 1 

74 
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12 9 

Hypoaadity 

26 7 

97 

14 8 

19 4 

161 

Normal oddity 

26 7 

61J 

57 4 

43J 

516 

Hj-peraadity | 

67 

12 9 

20 4 

26 9 

19 4 


data of Tables 3 and 4 respectively We see that the inadence of 
anaadity in the cases with red blood cell counts under 4 nulhon was 18 2 
per cent and 0 per cent in the cases with counts of 5 5 million and over, 
m the cases with hemoglobin values under 60, the incidence was 40 0 per 
cent against 112 per cent for the cases with hemoglobin values of 80 or 
over In general the greater the tendency to achlorhydna, the lower the 
red blood cell count or hemoglobin content, the greater the tendency to 
hyperchlorhydna, the higher the red blood cell count or hemoglobin 
content 

We have also attempted to correlate the gastric acidity with the basal 
metabolic rate The results of one or more basal metabolic rates were 
available in only 41 cases It is difficult to draw defimte conclusions on 
the basis of this small grroup In general, there were large fluctuations 
in the average free aadity at different levels of metabohsm, but there was 
no discernible trend The madence of anaadity seemed to vary to some 
extent with the level of metabolism as shown in the followmg tabulation 


Bival metaboUc tmte 
Ptr unt 


Amcfdity 
ftr ctni <4 wa 


Mmus 20 to nunu« 10 0 

Minus 9 to minus 1 12.5 

0 to plus 9 10 0 

Plus 10 and over 42 9 


DISCUSSION 

It IS always difficult to select mdividuals who can be considered nor- 
mal As previously stated we were careful to exclude any individual who 
was suffenng from any disease which might affect the gastnc secretion 
However, we mcluded cases with mild gastro-intestinal sjmiptoins when 
the other findmgs showed that these symptoms were not significant 
Achlorhydna, by itself, was not considered suffiaent cause to exclude a 
case from the normal group In order to determine whether or not our 
method of selection caused any errors m the data, we chose a stnctly nor- 
mal group out of the 200 "so-called” normal cases These piatients, 51 
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m number, had no gastro-mtestinal symptoms whatsoever The data 
of their gastric analyses were studied as above and found to be sitmlar to 
those of the larger group For example the average free acidity was 41 3 
cc of 0 1 normal aad and the average total aadity 52 6 cc The madence 
of achlorhydna was 118 per cent compared with 13 0 per cent for the 
larger group 

Therefore it would seem that a patient, considered to have a normal 
gastnc mucosa clmically, and free from gastro-mtestinal complamts, may 
still show a lack of free hydrochloric acid m his gastric secretion Pol- 
land and Bloomfield (5), however, make the assumption that an organic 
lesion of the mucosa must exist in these cases, and consequently exclude 
them from their normal senes There is statistical evidence to show that 
these cases with anacidity are abnormal because their number is larger 
than would be expected on the basis of the distribution curve of gastric 
acidity Duodenal regurgitation does not account for the large number of 
cases of anaadity because bile tinged gastnc contents were no more 
frequent in this group than in the group with free acid 

CONCLUSIONS 

1 In a senes of gastnc analyses of 200 normal patients, using hista- 
mine and alcohol as the gastric secretory stimulants, the average free acid- 
ity was 40 4 cc of 0 1 normal aad and the average total acidity 50 1 cc 
There was no correlation between age and gastnc acidity 

2 The madence of anacidity was 13 0 per cent Up to the age of 
65 there was a defimte correlation between age and the incidence of 
anaadity Beyond this age the number of cases with anacidity dropped 
off and the number with hyperacidity increased 

3 The average gastric acidity was higher m the male than m the 
female Consequently females more frequently show anaadity and 
hypoaadity and less often hyperaadity 

4 The red blood cell count and hemoglobin content tended to vary 
directly with the level of gastric aadity Consequently the greater the 
tendency to achlorhydna, the lower the red blood cell count and hemo- 
globin content, the greater the tendency to hyperchlorhydna, the higher 
the red blood cell count and hemoglobin content 

5 From the data available m 41 cases it seemed that there was some 
degree of correlation betv^een the incidence of gastnc anacidity and level 
of basal metabolism 
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Our knowledge of the gastric secretion in endocrine disturbances is 
limited, and this applies to exophthalmic goitre and myxoedema as well 
as to other endocrine conditions In both the old and recent literature 
one finds conflictmg statements regarding the gastnc contents in thyroid 
disease ICng (1) states that m exophthalmic goitre there may be a 
complete cessation of secretion of hydrochlonc aad resulting m practi- 
cally an achylia gastnea, and the good results obtained from acid therapy 
and dietary regulations are sometimes striking Lockwood (2) studied 
the gitstnc contents of 24 patients with hyperthyroidism who bad diges- 
tive complaints and found 10 or 41 6 per cent showed no free hydrochlonc 
aad, 3 low aad and 11 normal aad Similarly Moll and Scott 
(3), in a senes of 34 patients with definite exophthalmic goitre, found 19 
(56 per cent) with achlorhydna, 10 with hypochlorhydna, 4 with normal 
aad and 1 with high aad Herzfeld (4) obtained the following results 
in 22 cases achlorhydna and hypoaadity 15, normal aadity 4, and in- 
creased aadity 3 Keefer and Bloomfield (5) mention 30 per cent as the 
madence of achlorhydna in hyperthyroidism In a senes of 21 cases 
Moore (6) found achlorhydna m 76 per cent 

On the other hand Nellson (7) considered hyperaadity as one of the 
early signs of beginning hyperthyroidism Lewit (8) reported that 
thyroidin given subcutaneously or by mouth resulted m an mcrease in 
the aadity of the gastnc secretion in the majonty (69 per cent) of 26 
patients examined Badylkes (9), feeding desiccated thyroid, found a 
depression of the gastnc secretion Boenham (10), investigating 8 
patients, found no charactenstic gastnc secretion m exophthalmic 
goitre Finally Lewit (8), summanzmg the contradictory results found 
in the European literature on this subject, came to the conclusion that the 
gastnc secretion vaned with the seventy of the disease In 10 cases of 
classical Graves' disease he found 5 with no free hydrochlonc aad, 
4 with low aadity and 1 with normal aadity In 6 cases of mild 
hyperthyroidism — "Basedowismus” — ^hyperaadity was the rule, and m 
11 cases of “forme fruste” normal aadity prevailed 
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The same confusion exists m the reports on the gastnc secretion in 
myxoedema and hypothyroidism In 1920, Katz (11) cited cases with 
low thyroid function and hyperacidity relieved by thyroid More re- 
cently Levy (12) found hyperaadity m all but one of 10 cases of hypothy- 
roidism In 2 cases which he considered to be myxoedema,^ thyroid 
medication depressed the acidity In agreement with these results is the 
statement of Hutton (13) that hypothyroidism is associated with a high 
inadence of peptic ulcer 

On the other hand, Boenheim (10) observed achlorhydna m the 3 
patients studied by him In two of these, gastric acidity became normal 
after thyroid medication Sturgis (14) reported the results of the gastnc 
analyses of 5 cases of myxoedema Three showed no free hydrochlonc 
acid in fasting contents and a low total acidity following the test meal, 
one showed normal acid , and one low acid in both fasting and test meal 
samples Lockwood (2) also reported on 10 cases of m 5 rxoedema and 
fotmd achlorhydna in 60 per cent 

The experimental data in this subject are also contradictory In 
1916 Hardt (15) demonstrated that in dogs with Pawlow pouches large 
doses of thyroid by mouth depressed the gastnc secretion Truesdell 
(16) , working in the same laboratory, confirmed this result A year later, 
Chang and Sloan (17) showed that this is true also when dogs are fed small 
doses of thyroid After thyroidectomy they found a marked nse in the 
volume of the gastric secretion as well as a nse m gastric acidity 

On the other hand, Rogers, Rahe and Ablahadian (18) showed that 
alkaline salme solutions or alcohol extracts of thyroid administered sub- 
cutaneously caused a vigorous stimulation of the gastric secretion 
Lewit (8) confirmed this partly m that he found that intravenous thy- 
roidm in dogs resulted in an increase in the volume of gastnc secretion, 
but no change in the aadity He also cited the work of Pomrowski to 
the effect that thyroidectomy diminishes the secretion of gastnc juice and 
thyroid subcutaneously increases it 

A general criticism may be applied to all the results obtained by the 
above investigators, particularly those who dealt with the incidence of 
achlorhydna m thyroid disease, namely, that the gastnc juice was ob- 
tained by means of test meals and not histamine It is now well recog- 
nized that true achlorhydna cannot be diagnosed with any certainty un- 
less the gastnce juice is obtained by means of a maximum stimulation as 
with histamine We have been unable to find any reports m the literature 
on the gcistnc contents m patients with thyroid disease obtained by this 
means This study was, therefore, carried out m an attempt to obtain 

* The follouang metabolic data given m the text throw doubt on this diag- 
nosis Case 8 Basal metabolic rate —20 before treatment, —25 after treat- 
ment. Case 9 Basal metabolic rate —20 before treatment, and —16 after 
treatment 
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definite knowledge of the gastnc secretion in exophthalmic goitre and in 
myxoedema, using histamine as the mam stimulus for the secretion of 
gastnc juice 

METHOD 

The technique of obtaining the gastnc contents is descnbed m another 
paper dealing i\ith the gastnc analysis m normal people (19) Bnefly, 
It consists in the analysis of three samples of gastnc contents, i e , the fast- 
ing contents, and the samples obtained one half hour and one hour after 
the subcutaneous injection of 0 5 mgm ergamme acid phosphate (hista- 
mine) and the ingestion of 50 cc of a 7 jjer cent alcoholic solution The 
volume, the free and total acidity of each sample were recorded, using 
TOpfer’s reagent and phenolphthalein as the indicators in the titration of 
the respective aadities The results were compared with normals and 
correlated with vanous factors The method of obtaining the normal 
data IS descnbed in the paper referred to above The analyses were done 
by vanous members of the resident medical staff 

MATEWAL 

Exophihalmtc goitre 

A total of 50 pabents with exophthalmic goitre had gastnc analyses 
done by the method descnbed Almost all the pabents were in the age 
groups of 20-59, only one below 20 and one over 59 years of age. The 
majonty of pabents were under 40 years of age There were 18 males 
and 32 females The results for free and total acidity in relabon to age 
of pabents are tabulated in Table I This, as well as the subsequent 
tables, IS based on the maximum acidity of the gastnc juice following 
sbmulabon with histamme and alcohol 

The stnking result is the high inadence of anaadity — 38 pier cent for 
the group The mcidence of anaadity in 200 normal pabents (19) ex- 
amined the same way was found to be 13 per cent The result becomes 
all the more significant if the companson is made with those pabents fall- 
ing into the same age groups as our exophthalmic goitre pabents, and a 
correcbon apphed for the difference in age distnbubon This has been 
done m Figure 1 It shows that the corrected madence of anaadity m 
exophthalmic goitre is 45 6 per cent compared to the normal of 12 6 per 
cent. This chart also shows that hypoaadity is higher m the exoph- 
thalmic goitre group than in the normal, whereas hypieraadity is much 
lower The results for total aadity run more or less parallel with those 
for free aadity The correcbon for sex distnbubon as compared to the 
normals is omitted because it does not alter the results sigmficantly 
The relabvely low aadity of the gastnc secretion in exophthalmic 
goitre pabents can be demonstrated in another way by corapanng their 
average aadibes with those of the normals according to age groupis This 
IS done graphically in Figures 2 and 3 In general, normal people secrete 
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almost twice as much acid m the stomach as patients with exophthalmic 
goitre, the actual values being 40 4 cc and 21 0 cc respectively 

It has been shown by Bloomfield and Keefer (20) that physical fitness 
affects the degree of gastric aadity We divided our patients on the 
basis of their general physical condition into good, fair and poor — at best 
an approximation There was apparently no correlation between physi- 
cal fitness and gastric acidity in these cases The average free acidity of 
the 29 patients in good condition was 20 7 cc N/10 per 100 cc and of the 
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Fig 1 The Percentage Incidence of the Various Degrees of 
Acidity of 159 Normal Patients Under 60 Years of Age and of 50 Patients 
WITH Exophthalmic Goitre, Corrected for Differences in Age Dis- 
tribution 


19 patients in fair condition 23 1 cc N/10 per 100 cc The two patients 
found to be in poor condition may be disregarded Since the probable 
errors of these averages are between two and three, it is obvious that 
these averages do not differ by any significant amount 

Bloomfield and Keefer (20), as well as other writers, stress the rela- 
tionship between age emd degree of gastric aadity An analysis of Table 
I and Figures 2 and 3 shows that in exophthalmic goitre, at least, this is 
not defimte For example, the coefficient of correlation between age and 
free aadity is — 021=h0 091,a figure which must be interpreted with 




J LERJIAN AND J H ItEANS 


171 


caution The apparent slight correlation is entirely due to the cases 
without free hydrochlonc acid The cases possessing any amount of free 
aadity show no correlation wth age 

We have also analyzed our data with respect to the relationship of 
acidity to the level of the red blood cell count, the hemoglobin, and the 
basal metabolic rate before lodme medicafaon The results here also 
indicate that these factors are not definitely related to the degree of 
gastnc aadity, except in the case of achlorhydna to be discussed below 
For example, of the 12 patients with hypochlorhydna (free aad) none had 



/V5E(YEAR51 

Fig 2 The Average Free Aciditt by Age Groups of 200 Normal 
Patients, SO with Exophthalmic Goitre and 17 with Mtxoedema 

a red count below 4 5 million and only one had a hemoglobm below 70 
per cent. Of the IS with normal aadity, 3 had a red count below 4 5 
million and none a hemoglobm below 70 per cent. The correspondmg 
figures for the 4 patients with hyperchlorhydna were one and two respec- 
tively 

Another way of expressing the relationship is to calculate the coeffi- 
aents of correlation Between the aadity and the red blood cell count 
the values are -h 0 0002 ± 0 095 for free aad and -1- 0 018 ± 0 100 for 
total aad , between the aadity and the hemoglobin they are -f- 0 29 ± 
0 087 and -f- 0 22 db 0 091 for free and total aad, respectively The 
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former show no degree of correlation whatever, the latter show a slight 
degree which, however, disappears when the achlorhydna cases are sepa- 
rated from the main group 

The data for the relationship between the acidity of the gastnc juice 
and the height of the metabolism are given in Table II The coeffiaents 
of correlation are — 0 27 ± 0 088 for free acidity and — 0 29 ± 0 087 for 
total acidity As a result of the scattered distnbution, these figures are 
not highly significant Nevertheless, they indicate a probable inverse 
relationship betiveen the level of metabolism and gastnc acidity As 
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Fig 3 The Average Total Acidity by Age Groups of 200 Normal 
Patients, 50 with Exophthalmic Goitre and 16 with Myxoedema 

judged from the averages of Table II, this relationship is not a progressive 
one There is a sudden change at the 50-59 interval of metabolism, but 
not much vanation before and after it Again, if the cases with anaadity 
are separated out, it is found that the remainder show no correlation be- 
tween acidity and level of metabolism, and all the averages have similar 
values Thus, the coefficient for the 31 cases with free aad is — 0 08 ± 
0 122, which is smaller than its probable error 
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TABLE I 


Dutnbulion by age of the free and total aadtty of 50 patients wth exophthalmic goitre 
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TABLE II 

Distribution according to level of metabolism of the free and total aadtty of 50 patients with 
exophihaJmtc goitre 
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It IS interesting to note that the gastnc secretion in exophthalmic 
goitre vanes to some extent in the sexes The results for free acidity are 


as follows 

Males (18) Females (32) 
per cent per cent 

Anaadity 50 0 31 3 

Hypoaadity 11 1 31 3 

Normal aadity 22 2 34 3 

Hyperaadity 16 7 3 1 


It IS obvious that males have more of achlorhydna but also of hyper- 
chlorhydna That these results are significant and not due to chance 
may be venfied to some degree by application of the chi-square test 
Thus it IS found that the odds are 10 to 1 against the occurrence of such 
results on the basis of chance alone These differences in the sexes are 
unlike those found by us for normal people The latter show a slightly 
increased incidence of hypoacidity among females and of hyperacidity 
among males The differences existing in the exophthalmic goitre pa- 
tients may be explamed partly by the inequality in the seventy of the 
disease The average basal metabolic rate of the male patients was plus 
52 0 per cent and of the female patients plus 42 4 per cent Since the 
madence of achlorhydna, as shown below, probably vanes ivith the level 
of metabolism, then it is to be expected that males should have a higher 
madence of achlorhydna The higher madence of hyperchlorhydna, 
however, appears to be paradoxical 

Achlorhydria, 

As indicated previously, of the 50 patients with exophthairmc goitre 
studied, 19 or 38 per cent showed achlorhydna after stimulation with 
histamine This percentage becomes all the more significant when com- 
pared vnth the expected result based on normals The assumption of a 
general depression of acidity m exophthalmic goitre will not entirely ex- 
plam this high value Consequently, it is likely that other factors play a 
r61e in the causation of achlorhydna 

Unlike the group which seaetes free acid, the achlorhydna group 
shows definite correlations with some of the factors studied Age, red 
blood cell count level, hemoglobin content and basal metabolic rate are 
more or less defimtely related to the incidence of anaadity These rela- 
tionships are shovm graphically m Figures 4c and 46 We see that 8 of 
the 19 patients showing achlorhydna were 40 years of age or more The 
madence of achlorhydna for this age group was 47 per cent, whereas for 
those under 40 years it was 33 per cent Of the 16 patients with red 
blood cell counts under 4 75 million, achlorhj'dna was present in 56 per 
cent, whereas of the 34 patients vnth counts of 4 75 million and over it 
was present in 29 per cent The percentages for the 25 patients vnth 
hemoglobin values under 75 and the 25 patients with values of 75 per cent 
and over were 48 and 28 respectively Similarly, 67 per cent of the 15 
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patients i\ith metabolisms of plus 50 or more showed achlorhydria and 
only 26 per cent of the remainder under plus 50 showed this 

The above results must be interpreted with caution Their sig[mfi- 
cance can be determined to some extent by means of their correlation 



30-3'l 50-53 60-63 70-73 80+- 

Fig 4o The Percentage Incidence of Achlorhydria in Exophthalmic 
Goitre in Relation to Ace and Basal Metabolism 

coefBaents This has been done by the Rank-Difference Method and the 
results listed m Table III They mdicate that there are high degrees of 


TABLE m 

The correlatwn bettoem the tnadence of acUorhydna tn exophthalmic goitre and the factors 
of age red blood cell count hemoglobin and level of basal metabolic rate 



Age -to 69 ±0 125 5 5 

Red blood cell count —0 56 ±0 198 2 8 

Hemoglobin —0-54 ±0 158 3 4 

Baflal metaboUc rate -tO 93 ±0 029 32 1 
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correlation between the incidence of achlorhydna and age level, and 
achlorhydna and the level of metabolism On the other hand, there are 
only probable correlations (inverse) for red blood cell count and hemo- 
globin, of slightly greater significance than those of the entire group The 
factors of age and height of metabolism are probably independent as far 
as their influence on the gastric secretion is concerned because most of the 
patients with high metabolic rates were young 
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Fig 4& The Percentage Incidence of Achlorhydria in Relation to 
Red Blood Cell Count and Hemoglobin 

Myxoedema 

Seventeen patients with myxoedema were studied in the hospital 
The gastric contents in all cases were examined by the same method as 
was used in the normal and exophthalmic goitre groups All but two of 
the patients were females The ages ranged from 36 to 73 The results 
by age are recorded in Table W The data for total acidity were lacking 
in one case 
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Here also the sinking results arc the relativel> low acidity in the group 
as a w hole (Figures 2 and 3) and the high incidence of achlorhydria As 
in the case of exophtlialmic goitre, the results become all the more signifi- 
cant when compared with a normal series after correction for age distri- 
bution (Figure 5) Nine of the 17 patients, or 53 per cent, showed 
achlorhydna Corrected for age distnbution the figure becomes 75 per 
cent compared to 15 per cent incidence in 132 normals of the same age 



AtVCIDlTY HYPO- NORMAL HYPtR- HYPO- NOPmLHYPER- 


AODfTY ACIDITY AClorTY ACIDITY ACIDITY ACIDITY 

Fig 5 The Percentage Incidence of the Various Degrees op 
Acidity of 132 Norjial Patients Aged 40 and Oier and 17 Patients 
(16 for Total Acid) with Mytobdema Corrected for Duterences in 
Ace Distribution 

groups Similarly, the corrected inadence of hyperchlorhydria (free 
aad) is 4 8 per cent against the norma! of 23 5 per cent The other 
degrees of acidity are also lower than normal, but not to the same extent. 
The correction for se.\ distribution makes the result for the inadence of 
achlorhydna 67 per cent, but does not alter the other figures significantly 
This brings up the same problem as already discussed in dealing with 
exophthalmic goitre, namely what factors, besides general depression of 
12 
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gastric secretion, operate in these cases to cause achlorhydna^ That 
such factors do exist must be inferred from the high incidence of achlor- 
hydna 

The acidity of myxoedema has also been correlated with various 
factors such as age (Table IV), red blood cell count, hemoglobin, and 

TABLE IV 

Distnbuhon by age of the free and total actdtly tn patients -mth myxoedema 



Averages 27 6 10 3 12 5 17 3 35 9 21 5 16 5 27 7 

Standard delation of age = 10 8 Standard deviation of age 

= 10 8 

Standard deMation of free acidity = 27 8 Standard delation of total 

acidity = 29 1 

* One patient in this group was found to have no free acid following his- 
tamine, but total acidity was not recorded 


basal metabolic rate There is obviously no correlation between age and 
incidence of achlorhydria In the case of red blood cells and hemoglobin, 
the findings are a little different Nine of the 17 patients had counts 
below 4 million red blood cells and three below 3 million The average 
free acidity of the 9 patients with counts under 4 million t\ as 20 2 cc of 
0 1 N hydrochloric acid, and of the 8 patients with counts over 4 million 
it vas 21 8 cc , values which indicate that the red blood cell level on the 
whole IS not related to acidity On the other hand, of the 9 patients 
with achlorhydna, 6 had counts below^ 4 million and 2 below’’ 2 million 
cells Of the 8 cases show mg free acid, only 3 had counts below' 4 million 
Also, the incidence of achlorhydria in the cases w'lth counts under 4 mil- 
lion cells w as 67 per cent against 38 per cent in the cases w'lth counts of 4 



















J LERMVN AND J 11 MEANS 


179 


million cells and over It seems, therefore, that low red blood cell counts 
are more frequent among patients with achlorhydna than among those 
with free acid In the case of hemoglobin, the average acidity is more 
closely related to the level of hemoglobin Twelve cases with hemo 
globin values under 75 per cent averaged 14 8 cc of 0 1 N free acid, 
w hereas the remaining five av eraged 35 8 cc High v alues of acidity 
occurred less often with low hemoglobin figures than with high ones 
Eight of the 9 cases w ith achlorhydria had hemoglobin values below 75 per 
cent Of the 12 cases wath hemoglobin values under 75 per cent, 8 had no 
free acid, whereas only one of the 5 remaining cases had anacidity 
The effect of metabolism on the acidity of the gastric juice is also 
definite but slight The average free aadity of 11 patients with meta- 
bolic rates greater than minus 30 was 13 1 cc of 0 1 N acid and of the 6 
remaining patients was 35 3 cc Similarly, the 3 patients m the group 
minus 10 to minus 19 all had achlorhydria, whereas the three highest 
acidities occurred m the group of minus 30 to minus 39 These results 
are contrary to w hat might be expected Since there is a general depres 
sion in the gastric secretion in myvoedema, it is only natural to expect that 
the more severe the disease, the greater tlie depression Here also is 
evidence that factors other than depression alone play a r61e in produang 
the changes m the gastnc secretion 

These relationships may be further clanfied by treating the data 
mathematically In Table V are listed the coeffiaents of correlation 


TVDLB V 

T/re correlation between acidity in ni^ioedema and age red blood cell count hemoglobin and 
basal metabolic rate 
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-0 16 
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1 0 

-0 17 
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1 0 

Red blood cell count 

+0 26 

±0 160 

1 6 

+0 077 

±0 176 

04 

Hemoglobin 

+0 36 

±0 149 

24 

+0 22 

I±0 168 

, 1 3 

Basal metabolic rate 

+0 27 

±0 159 

1 7 

+0 35 

±0 155 

2 3 


between acidity and the above mentioned factors These figures are 
more or less confirmatory in that they indicate probable slight correla 
tions but no certain correlations It must be remembered that results 
based on 17 cases are to be interpreted with caution Defimte conclu- 
sions regarding the relationship between gastnc acidity and age, red blood 
cell count, hemoglobin and basal metabolic rate cannot be drawn until 
many more cases of myxoedema have been studied 
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DISCUSSION 

The lowering of the aciditj'^ of the gastric secretion in evophthalmic 
goitre and in myxedema is definite and clearcut On the basis of experi- 
mental findings quoted previously, these results are certainly unexpected 
If the activity of the thyroid alone played the major role, then there 
should be found hypoacidity in exophthalmic goitre and hvperacidity 
in myxoedema Consequently, we must infer that probably other factors 
also play a rdle in affecting the gastnc secretion in these conditions 

As already mentioned, the data indicate that depression alone of a pre- 
viously normal acidity will not account for the high incidence of achlor- 
hydria in these two diseases In general, the average acidity is about 
half the normal value, whereas the incidence of achlorhydria is fourfold 
and fivefold that of normal in exophthalmic goitre and myxoedema respec- 
tively The possibility of a threshold phenomenon must be considered, 
1 e , depression of the gastric secretion occurs up to a point beyond which 
achlorhydna will result This threshold, if such there be, must vary with 
different people Lewit (8) suggests an explanation of achlorhydria in 
exophthalmic goitre on an anatomical basis The gastric mucosa is func- 
tionally incompetent as a result of diffuse lymphocytic infiltration 
Consequently, it is very susceptible to traumatic influences which may 
lead to atrophy One might attempt to explain the achlorhydria on the 
basis of regurgitation of alkaline duodenal contents into the stomach If 
this were true, then the total acidities would be relatively high, and bile- 
tinged gastnc contents would be frequent Our analyses, however, 
showed that the total acidities in the cases of achlorhydria were low 
Bile-tinged secretion was mentioned in 8 cases of exophthalmic goitre 
and in 2 cases of myxoedema Still another explanation is that the achlor- 
hydna and these two diseases have predisposing constitutional factors in 
common 

The question naturally arises whether the achlorhydna is permanent 
or not If constitutional, the achlorhydria would be expected to persist 
If acquired as a result of the disease, then it still might be permanent 
because of damage to the acid secretory mechanism of the stomach The 
findings of Lewit (8) that 10 of 17 autopsied patients showed gross 
atrophy of the gastnc mucosa would support this idea if it were not for 
the fact that postmortem changes make such obserx'-ations on the stomach 
extremely unreliable 

Further investigation of this problem is necessary We have at 
present only indirect e\ndence on this point Although most authors 
feel that the combination of exophthalmic goitre and pernicious anemia 
in the same person is extremely rare, Meulengracht (21) found 8 cases out 
of a total of 151 pernicious anemia patients, associated with exophthalmic 
goitre jMost of them developed the anemia subsequent to the thyroid 
disease and achlorhydna was known to be present for several years before 
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EFFECTS OF ENVIRONMENTAL TEMPERATURE, ANES- 
THESIA AND LUMBAR S\MPATHETIC GANGLIO- 
NECTOM\ ON THE TEMPERATURES OF 
THE EXTREMITIES OF ANIMALS* 
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(From Ihe Division of Ph'.stcs and Biophysical Research The Mayo Faundalion and the 
Division of htediciiic and Section on p/eiirologic Surgery The Mayo Clinic 
Rochester Mtiin ) 

(Rccci\*cd for publication August 10 1931) 

INTRODUCTION 

The reports of alleviation of symptoms following sympathetic gang- 
honectom3 and trunk resection in certain cases of peripheral vascular 
diseases, arthntis and scleroderma ha\e created a noticeable interest 
in the underlying plnsiologv of the sympathetic nervous system when 
functioning in a normal or abnormal fashion From clinical as well as 
experimental data the changes which take place following Sympathetic 
ganghonectomy with trunk resection have proved to be chiefly vasomotor 
The relief of pain in certain cases may be brought about by this same 
mechanism or mav be the result of interrupted sensory pathways The 
postoperative X asomotor changes consist mainly of lessened vasoconstnc 
Don This can be demonstrated in the extremibes of animals as well as 
of paUents wath normal blood \ essels through the use of physical appara 
tus for measuring the changes in superfiaal temperatures produced by 
operahon Believing that this vasomotor acDon is present in vascular 
diseases of the penpheral vessels in varying amounts dependent on the 
interplay of environmental condiDons and nervous mechanism, Morton 
and Scott (1) called attention to a definite temperature gradient begmning 
proximally and increasing distally (vasoconstnetor gradient) in persons 
wnth normal penpheral vessels and that, 'after spinal anesthesia, there is 
usually a rapid nse in surface temperature on the feet so that all surface 
areas of the body reach approximately the same level (normal vasodilata- 
Don level) Superfiaal temperatures also showed rapid changes m 
normal persons under inhalaDon anesthesia In vascular diseases, there- 
fore, the use of spinal anesthesia produces a selecfave effect on the vaso- 
conStnetors and the degree of vasocontracDon may be measured bv the 


’ Read before the SecUon on Pathology and Physiology at the Eighty 
second Annual Session of the Araencan Medical AssoaaUon Philadelphia Pa , 
June 8 to 12 1931 
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changes in the superficial temperatures of the extremities A^Tute (2) also 
recently advocated blocking the sympathetic nerves to the extremities to 
determine the presence or absence of vasoconstriction 

PURPOSE OF THE INVESTIGATIONS 

In addition to observing the reactions of the vasomotor mechanism as 
shown by changes of superficial, subcutaneous and interdigital tempera- 
tures of the extremities of animals (dogs) under vanous types of anes- 
thesia in a fairly constant environment (24° to 28° C ), we were interested 
in producing a rapidly changing environment and in making observations 
on the vasomotor reactions obtained m the same dogs in normal and 
anesthetized states when under similar constant or rapidly changing 
emnronmental conditions After determining the reactions of the normal 
vasomotor activities with and without anesthesia to a rapidly changing 
environment, similar procedures were earned out following sympathetac 
denervation of one hind extremity in order to determine whether there 
was a marked difference in vasoconstriction in the two extremities dem- 
onstrated penpherally or in the tissues by measurements of superficial, 
subcutaneous and intermetatarsal temperatures with thermocouples 

EXPERIMENTAL METHODS AND SURGICAL PROCEDURES 
Measurements of temperature by thermocouples Superficial, sub- 
cutaneous and intermetatarsal temperatures were measured by means of 
the electromotive thermometer devised and desenbed by Sheard (3) 
This instrument is equipped with numerous thermocouples, each of which 
IS inserted in a needle with the thermoj unction near the tip or on the 
surface of a fiber or hard rubber button Diagrammapc sketches of the 
electromotive thermometer are shown in Figure 1 A thermojunction, 
connected to all the thermojunctions which may be used for obtaining 
measurements of temperature, is inserted in a thermostat maintained 
electrically at a given, constant temperature The readings of the gal- 
vanometer included m the thermocouple circuits are converted into equiva- 
lent thermal readings Having calibrated the deflections of the galvan- 
ometer in equivalent thermal readings, any of the vanous thermocouples 
with which the apparatus is equipped may be applied to or inserted into 
the body and the temperatures read directly from the calibrated scale 
By means of this ensemble it is possible to read the temperature indicated 
by any of the thermocouples applied to or inserted in the body in about 
ten seconds of time Figure 2 is a photograph of the instrument used in 
these investigations Each switch is connected to the common thermo- 
jui\ction and to a specified thermocouple Some of the forms of thermo- 
junctions for the measurement of superfiaal, subcutaneous and inter- 
metatarsal temperatures are show n 

Situahon of the thermocouples In general a thermocouple was ap- 
plied to or inserted in each of the t^vo hind extremities as follows (1) 
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subcutaneous!}, on the inner side of the leg and above the patella, (2) 
superficial!}, between the toes, and (3) intermetatarsall} , that is, in an 
interosseous position but relatitel} near the surface of the skin of the 
foot 

In the presentation of our expenmental data we shall refer to the 
situation of the \anous thermocouples as (1) left interdigital, (2) nght 
interdigital, (3) left subcutaneous, (4) nght subcutaneous, (5) enMron- 
mental temperature of hind extremities, (6) right intermetatarsal and 
(7) left intermetatarsal 




Fig 1 Electromotii E Thermometer 

I eft hand diagram shows the thermostat and heating circuit a-a, 110 \olt 
arcuit bi and switches for inserting auxiliary resistances (incandescent lamp 
bulbs) /] and I in the arcuit d adjustable screw to set the temperature of the 
thermostat pi and p platinum wares which wath mercur} form the thermo 
static control h inner tube of thermostat which carries one set of thermojunc 
tions or one thermojunction common to all junctions r, resistance for heating 
the thermostat m, mercury nght hand diagram shows the arcuit containing 
the thermocouple and the gahainometer ji and ji, thermojunctions of copper, 
c and constantan k r, auxiliary resistance in gab anometnc st stem j gal 
\anomcter Ji swatch for including the gaUanometer in the thermo electnc 
arcuit rj, shunt to damp the gaUanometer quickly 

Method of raptdh changing the environmental temperature In general 
the temperature of the room in which the vanous operations and measure- 
ments of temperature were made ranged from 23° to 27° C The initial 
portions of the curves numbered 5 in the vanous portions of Figures 4 and 
5 record the values of the environmental temperatures dunng the ten to 
twenty minutes of the different expenments After the data had been 
obtained on the values of the superfiaal, subcutaneous and mtermetatar- 
sal temperatures under the conditions of the temperature of the room, the 
environmental temperatures of the lower extremities were reduced rapidly 
from room temperature to approximately 0° C The lower extremities 
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were housed m a chamber made of two parts The lower portion of this 
cooling chamber is an extension of, or addition to, the frame to which the 
dog was attached by means of gauze taping The extremities rested on a 
metallic netting which occupied the wndth of the frame Underneath the 
sheet of wire mesh was placed a small cylinder of carbon dioxide ivhich 
was used for lowering the temperature of the chamber The neck of the 
cylinder fitted into and through a suitable opening in the side of the frame 
and in such fashion that the flow of gas from the cylinder into the chamber 
could be controlled from the outside After the insertion or attachment 
of the various thermocouples, the cover was placed m position and the 
opening m the end which fitted over the body of the dog was blanketed 
A mercury thermometer inserted through the top of the chamber regis- 
tered the temperature within the chamber 



Fic 2 Electromotive Thermometer, Types or Thermojunctions and 
Sm ITCHES Connected to Each of the Thermocouples, Respectively 


Figure 3 is a photograph of a c^dinder (size D) of carbon dioxide to 
which IS attached, by means of a yoke, a metallic tube which is closed 
at Its distal end and 'which is punctured with a number of fine holes 
WTien the tank is opened, the gas at fairly high pressure escapes through 
the numerous small openings m the metallic pipe By reason of the 
rapid expansion of the gas as it issues into the air at atmospheric pressure 
the temperature of the surrounding air is reduced rapidly The tempera- 
ture of the chamber could be reduced from 25° C to the neighborhood of 
the freezing point in from one minute to two minutes The curv^es 
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marked S in the \anous portions of Figures 4 to 6 inclusive show the 
course of the relationship between the time m minutes and the enairon- 
mental temperature 

Surgjcal procedures avd data Fiae dogs were used in these expen- 
ments After determining the reactions of the normal aasomotor ac- 
tiMtj, as evidenced by measurements of temperature, to a changing 
enaaronment and w ith and wathout anesthesia, similar sets of observations 
were made following sjmpathetic denervation of one of the hind extrem- 
ities The expenmental data obtained under ether administered bv 
inhalation amytal intraacnousK, and procaine intraspinally were con 
sidered basic In four of the animals the lumbar sympathetic ganglia 
were remoacd on the left side and in Uie fifth dog on the right side 



Fig 3 Lower Half or the Cooling Chamber the Tank of Carbon 
Dioxide and Metallic Tube in Position are Shown 


Expenment 1 October 9, 1930 under general anesthesia a left ab- 
dominal inasion was made through the skin and muscles and the penton 
eal cavity was opened After retraction of the viscera and inasion of the 
posterior peritoneum, the lumbar sympathetic cham was exposed and 
removed 

Ex-penment 2 November 25 1930, left sympathetic ganglioneclomy 
and trunk resection were performed 

Expenment 3 January 7, 1931, left sympathetic ganglionectomy and 
trunk resection were performed 
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Expenment 4 Februarj'^ 6, 1931, under general anesthesia, a nght 
abdominal incision was made through the skin and muscle and the pen- 
toneal cavity was opened After retraction of the viscera and abdominal 
^ essels, the right lumbar sympathetic ganglia were removed 

Expenment 5 February 25, 1931, left lumbar sympathetic ganglion- 
ectomy and trunk resecPon were performed 

EXPERIAIEXTAL DATA AND RESULTS 

Figures 4 and 5 present in graphic form the data obtained through the 
measurements of temperature by thermocouples in experiment 4 and in 
expenment 5 (Fig 5) In all portions of both figures the curves numbered 
5 show the course of the changes m environmental temperature Curries 
1, 3 and 7 refer to the time-temperature relationships obtained inter- 
digitallv on the left foot, subcutaneously in the region of the patella and 
intermetatarsally in the left foot, respectively Curves 2, 4 and 6 have 
similar significance with reference to the nght hind extremity 

Figures 4 (I) and 5 (I) shoii the course of the time-temperature 
relationship and the environmental temperature without anesthesia 
Figures 4 (II) and 5 (II), under ether anesthesia, Figures 4 (III) and 5 
(III), under ether anesthesia after lumbar sympathetic ganghonectomy 
(operation performed on the nght side in Fig 4 and on the left in Fig 5), 
and Figures 4 (IV) and 5 (IV), after lumbar sympathetic ganglionectomy 
and without anesthesia 

The curv^es of Figures 4 and 5 indicate the following salient points 

1 In the normal animal, there w as marked vasoconstnction evidenced 
in the interdigital and intermetatarsal portions of the hind feet when the 
environmental temperature v as rapidly lowered from room temperature 
(about 25° C ) approximately to the freezing point This vasoconstnc- 
tion, as indicated by lowered thermal readings on the thermocouples 
(cuTA'es 1 and 2), persisted for from twenty to sixty minutes, lagged be- 
hind the readings of the en\aronmental temperature (which returned 
fairly rapidly to that of the room as shown in curve 5), and finally recov- 
ered to a state v hich m as normal or slightly above normal 

2 In the normal animal, the time- temperature relationship of the 
subcutaneous areas near the patella (cun’^es 3 and 4) paralleled the course 
of the en^^ronmental temperature 

3 In the normal dog under ether anesthesia, all subcutaneous and 
superficial time- temperature cun^es (cmx’^es 1, 2, 3 and 4) showed that 
there Mas no evidence of vasoconstnction In general, the recovery to 
normal temperature m as more rapid than the course of the environmental 
temperature (cun e 5) Also, the drop m subcutaneous and superficial 
temperatures under ether anesthesia iias less than in the normal animal 
M ithout anesthesia 



CIURLCS SIICARD, r If R\ VEARSOV AND W McK CRAIG 189 




TEMPERATURE OF EXTR.EMITIES 

4 After lumbar (right or left) s}'-mpathetic ganghonectomy with 
trunk resection and under ether anesthesia, the time-temperature rela- 
tionships of the subcutaneous, superficial and intermetatarsal tempera- 
tures closely paralleled the course of the environmental temperature but 
again evidenced a somewhat more rapid return to normal subcutaneous 
temperatures in the limbs than in the case of the normal animal without 
anesthesia and prior to operation 

5 After lumbar sympathetic ganghonectomy and without ether 
anesthesia, the cun^es in Figures 4 (IV) and 5 (IV) definitely show that, 
when the environmental temperature was lowered, vasoconstnction oc- 
curred in the hind extremity not operated on so far as the superficial or 



20 50 40 O 20 40 ( 3 I 

T Ime (tti iTvate^ 

Fig 5 Time-Temperature Records of Axother Dog Before and 
After Left Lumbar Ganclioxectomt, With and Without Anesthesia 
(roR Explanation of Numerals Refer to Figure 4) 


intermetatarsal temperatures of the foot M’ere concerned, but that little 
if anA effect A\as produced by sympathectomy on the temperatures in the 
subcutaneous regions in the neighborhood of the patella 

B\ far the greater part of our experimental w ork ivas earned out under 
ether anesthesia a\ hene\ er an anesthetic a\ as employed InvesPgations 
made vith amA tal or procaine shoved that the results obtained were simi- 
lar to those secured under ether anesthesia It seems logical to conclude 
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thit anv drug which, when administered, inhibits the functioning of the 
central nercous system, would produce the same results as did ether, amy- 
tal or spinal anesthesia 

Figure 6 shows the interdigital and intermetatarsal time temperature 
relationships (cunes 1, 2, 6 and 7) for the feet of the dog in experiment 
4 (nght lumbar st mpathctic ganghoncctoma performed Februarj 6,1931) 
obtained March 25, 1931, after the administration of 50 mgm of amytal 
for each kilogram of bod> weight Curve 5 shows the course of the 



Fir 6 Time Teiipeb\tore Data on toe Interdicital (Curves 1 
and 2) AND iNTERMETATARblL (CUR\ES 6 AND 7) TEMPERATURES OF THE HiXD 
Extremities or a Doi After Right Lumbar Stmpathetic GANcuoxECTOjii 
AND Under Amatal 

change of environmental temperature from 30° to — 3° C and the return 
within fifteen minutes to 27° C The results are similar in every respect 
to those obtained on the same dog under ether anesthesia (Fig 4 (111)) 
Figure 7 show^ the results obtained on the interdigital and intermeta- 
tarsal temperatures of the hind feet of a normal dog that w'as given an 
injection, Apnl 10 1931, of 2 cc of a 5 per cent solution of pantocaine over 
a period of four seconds The injection was made between the third and 
fourth lumbar vertebrae The contrast in the results obtained is more 
noticeable b> companson with the curves of Figures 4 (I) and 5 (I) 
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Fig 7 Time-Temperature Data on the Interdigital (Curves 1 
AND 2) AND Intermetatarsal (Curves 6 and 7) Temperatures of the Hind 
Extremities or a Normal Dog Under Spinal Anesthesia 

SUMMARY 

Simultaneous measurements on the subcutaneous, mterdigital and 
mtermetatarsal temperatures of the hind extremities of dogs were made 
with thermocouples and a senes of data was obtained regarding the ther- 
mal changes produced by environmental temperature, anesthesia and 
lumbar sympathetic ganglionectomy with trunk resection The results 
showed that, in normal dogs, there was a marked drop in the superficial 
temperatures of the feet which was maintained over a considerable period 
when the environmental temperature of the apparatus housing the ex- 
tremities was quickly lowered from temperatures of 23° to 27° C to the 
neighborhood of the freezing point Subcutaneous temperatures of the 
limbs closely folloved changes m the environmental temperature The 
temperature-time relations of the mtermetatarsal tissues of the feet 
paralleled the results obtained interdigitally 

Under ether, amytal or spinal anesthesia, superficial, subcutaneous 
and mtermetatarsal temperatures paralleled the course of the changes in 
the environmental temperature and indicated absence of vasoconstriction 
under sudden changes m the en\nronmental temperature 

Significant differences were not found in the course of any of the time- 
temperature relations follow mg lumbar sympathetic ganglionectomy and 
trunk resection when the animal was under ether, amytal or spinal anes- 
thesia ithout anesthesia, how'ever, the time-temperature relations 
for the superficial and subcutaneous temperatures of the foot on the 
operated side showed the usual small decrease of temperature followed by 
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a rapid nse to normal conditions with changes in environmental tempera- 
ture and indicated absence of \ asoconstnction Records of the changes of 
temperature of the foot on the side which was not operated on were similar 
to those obtained in the normal animal and indicated the presence of 
\'asoconstnction which may persist from twenty minutes to an hour 
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OBSERVATIONS ON THE FORMATION OF WHEALS 


IV The Influence of Calciuii Concentrations on 
Histasune Wheals ' 

B\ W K. WEAVER, H L. ALEXANDER and F S McCONNELL 
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Free Shn and Cancer Hospital, St Lows) 

(Received for publication Aupirt 14 1931) 

The pnnapal lesion of the type of allergy manifested by asthma, hay 
fever, and urticana is a locahzed edema This is typified m allergic 
urticaria v herein each wheal represents a local edema, and also in the 
n heal produced by a positive skin test to allergens These wheals result 
from the contact between the introduced allergen and its specific anti- 
body in the tissues There is considerable evidence to show that when 
this contact occurs, histamine or a histamine like substance is formed (1) 
It IS this substance that causes the edema Furthermore, when histamine 
itself IS injected intradermally the resulting wheal is cUnically and mor- 
phologically identical to an allergic wheal (2), a fact which holds true for 
both human and dog skin Since it is possible, therefore, to simulate 
allergic edema with histanune, a method is offered for study of the mech- 
anism of this lesion under controlled conditions 

In the course of expenments which we have previously reported, in- 
dications of the existence of a substance in normal skin which is capable 
of mfluenang the size of histamme wheals were noted (3) In investigat- 
ing this pomt. It was found that saline extracts of dog skin, when added 
to the histamine solution used for injection, greatly enhanced the size of 
the resultant wheals 

The extract was prepared as follows a dog was anesthetized with 
amytal, and a section of skm removed from the abdomen, (previously de- 
haired with sodium sulphide) The skin was chopjjed and extracted m 
physiologic saline solution (1 gram skin to 9 cc salme), and histamme 
acid phosphate added to a concentration of 1 to 10,000 After standing 
one to two hours at room temperature, 0 02 cc of the supernatant fluid 
was mjected intradermally 

The injections were made on the uninjured side of the abdomen of the 
same dog, and on the outer surface of the thigh At the same time, 

* A preliminary report of this work appeared in the Proc Soc. Exp Biol 
and Med , 1930, xxviii, 468 
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Similar injections were made of a 1 to 10,000 histamine ^ solution, to which 
no skm extract had been added, and of a 1 to 10 skin extract without 
histamine Uniformly consistent results were obtained, and the wheals 
produced by the histamine-skm solution were invanably larger than those 
from the histamine alone In fact, they frequently exceeded in size wheals 



Fig 1 The Effect of Skin Extract on Histamine, Atropine and 

Codeine Wheals 

5 = 0 02 cc of skin extract 1 to 10 dilution 

H = WTieal from 0 02 cc of histamine aad phosphate 1 to 10,000 
dilution 

A = Wheal from 0 02 cc of atropine sulphate 1 to 1,000 dilution 

C = WTieal from 0 02 cc of codeine sulphate 1 to 1,000 dilution 
5+ = Wheal from 0 02 cc of skin extract 1 to 10 dilution made up to a 
concentration of 1 to 10,000 histamine, and 1 to 1,000 atropine 
and 1 to 1,000 codane 
Figures = Increase in size of wheals 

In this, and in the following figures, the measurements were obtained by 
marking wnth ink the outline of the onginal bleb due to the injection, and the 
outhne of the resulting wheal at the end of fifteen minutes Traangs were 
made of these outlines at once and measured with a planimeter The differ- 
ence between the two areas represents the size of the wheal, which is expressed 
in square centimeters 

- Hereafter by 1 to 10,000 histamine solution is meant a 1 to 10,000 hista- 
mine aad phosphate solution 
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produced by a histamine solution 10 times as strong as that used The 
skm extract alone gave no wheals Similar results were obtained when 
either atropine sulphate or codeine sulphate was used mstead of histamine 
aad phosphate as the wheal producmg agent 

Table 1 compiled from the protocols of consecutive expenments is 
representative of the results obtained in a large senes of such tests 

TABLE 1 


The e^ed of sktn extract on histamine wheals 


Hlttomlnee 

niiUunliie and 
ildn atraett 

W cut. 

se cm. 

02 

08 

02 

07 

0.3 

09 

04 

09 

0-3 

08 

02 

08 

OS 

09 

OJ 

1 0 

02 

06 

03 

09 

03 

07 

03 

06 

04 

07 

03 

08 

02 

08 

03 

09 

04 

1 0 


* Increase in size of wheals from 0 02 cc. histamine aad phosphate, 1 to 
10 000 dilution measured in square centimeters fifteen minutes after injection 

t Increase in size of wheals from 0 02 cc. of skin extract 1 to 10 with hista 
mine aad phosphate added to a concentration of 1 to 10,000 measured in square 
centimeters 15 minutes after injection Each pair of figures represents the 
same expenment No wheals occurred from the control injections of skin ex- 
tract alone 

These results might be e.xplained on the basis of Lewis’ theory regard- 
ing the presence of histamine, or a histamine like substance, (H substance) 
in skin (1) were it not for the fact that the skm extract alone is mcapable 
of producmg a wheal, no matter how concentrated or diluted Moreover 
histamme color tests by the method of Hanke and Koessler (4) were used 
to determme the amount, if any, of histamine present, since Hams and 
others have extracted histamme from the skin (S) These tests showed 
that histamme was present only m extracts which had decomposed 
slightly When such extracts were freed from nitrogenous matter (by 
mercury preapation), including any histarmne or histamine like sub- 
stance possibly present, their wheal enhanang activity was unimpaired 
Consequently, the augmenting substimce extracted from skin is evidently 
neither histamme nor a histamme like substance 
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These results induced us to undertake a detailed chemical analysis of 
skin extract to determine if possible the exact nature of the augmenting 
substance The vanous steps in the separation were, bnefly, as follows 

One part of chopped dog skin was soaked in nine parts of distilled 
water for at least one hour, and then filtered Two volumes of 95 per cent 
alcohol were added to one volume of filtrate and the precipitated proteins 
removed by filtration The filtrate from this step was evaporated to 
dryness, at temperatures below 56° F , and the resulting residue extracted 
with water A saturated mercunc acetate solution was added to this 
watery extract, and this caused a white flocculent precipitate which was 
filtered off, washed and suspended m water Hydrogen sulphide was 
passed through to preapitate the mercury This precipitate was dis- 
carded and air passed through to free the acid solution from hydrogen 
sulphide Thirty per cent mercunc sulphate in 10 per cent sulphuric 
acid, and banum carbonate were next employed (according to the method 
of West and others (6)) to free the solution from practically all remaining 
nitrogenous compounds and phosphates Then, sulphunc acid was added 
slowly until all traces of banum were removed and the solution made 
slightly acid The mercury and hydrogen sulphide were removed as 
before, and the filtrate from this step dialysed through thick collodion 
sacs The activity was found to remain on the inside of the sac This 
solution was evaporated and the slight residue extracted successively 
with hot chloroform, hot alcohol and hot water The chloroform and 
alcohol portions were evaporated emd water solutions made from each of 
the residues The chloroform extracted all fatty matenal and the activity 
was found only in the water extracts from the alcohol and water portions 
The solutions when evaporated were found to contain a few crystals of a 
distinct type which appeared again and again in various extracts at this 
stage These crystals resembled those of calcium sulphate Crystals to 
a weight of 3 6 mgm were obtained from 1,000 cc of an active extract 
representing 100 grams of tissue, and after quantitative analysis were 
found to consist largely of calaum sulphate 

We learned that calcium salts would not dialyse through a thick col- 
lodion membrane and consequently a technique was employed which 
produced thinner sacs (7) When these thin sacs were used for dialysis 
of the extracts, the activity was found in the dialysate Quantitative 
calcium determinations showed also that most of the calcium was m the 
solution outside the sac 

Several simplifications v ere introduced into the method of prepanng 
the extracts (1) Since the sodium chloride was needed only to make 
the solutions isotonic, it was added just before testing on the dog This 
allow ed us to make up the extracts and carry them through the various 
stages of purification in distilled water instead of in saline (2) In 
earlier expenments an incubation period of several hours, after addition 
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of the histamine solution, appeared to be necessary to obtain the full 
augmentation effect With the later, purified extracts this penod could 
be omitted, and the histamine added just before testmg Control tests 
were run on each extract at every stage of the process of separation 
These were made by injecting intradermally the usual 0 02 cc of the 
extract before adding any histamine If the control gave a slight wheal 
(probably due to decomposition products of nitrogenous matters) the 
corresponding test, (the extract with added histamine), was discarded 
Parallel experiments were run on other tissues of the dog, and their 
extracts subjected to the same process of analysis The heart, hver, 
lungs, muscle (both smooth and striated) were found to have more or 
less activity Blood serum from both dog and man, gave just as consis- 
tent results as skin Since blood serum was both easy to procure and to 
manipulate we employed it extensively From these extracts, also, 
calcium sulphate crystals were isolated, and evidently the calaum present 
in these solutions was responsible for their augmenting effect 

As It now seemed clear that the augmentmg effect was due to the 
calaum present in the extracts, quantitative calaum deternunations were 
run on all the fractions obtained from the vanous steps of the analysis 
It was found that the later, purer portions of the extract had a higher 
calaum content than the earher impurer fractions This led to the dis- 
covery that the reagents employed to preapitate the protems present, 
such as mercunc acetate and barium carbonate, contained considerable 
calaum in impurities Since the amount of calaum necessary to produce 
augmentation of histamme wheals is very minute, this gave a considerable 
source for error Even the amount of calaum in ordinary filter papers 
was suffiaent to influence the results of the experiment. 

However, these steps had enabled us to ehmmate practically every- 
thing but calaum from the extract, without destroying its augmenting 
effect. On repeating the analysis and using ashless filter papers, sihea 
dishes for evaporating solutions, etc. active extracts were still obtamed 
Extracts prepared m this way had an average calaum content of 3 parts 
per million, a decrease of approximately 60 per cent, since no calaum 
impunties were added to the ongina! extract. 

Although it seemed that this amount of calaum was far too low to 
account for the results, solutions of pure calaum sulphate m corresponding 
dilutions were tested Solutions of this salt at dilutions varymg from 1 
to 10,000 to 1 to 10,000,000 were found to have the same augmentmg 
effect as the skm extract. The dilution of 1 to 100,000 usually gave the 
greatest augmentation Calaum sulphate solutions in these dilutions 
produced no wheal except m the presence of histamine 

At an early stage in these experiments, ashing of the skm extract had 
been tned as a method for removmg the orgamc material, but it was found 
that this procedure completely destroyed its activity If the ash con- 
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tained a high calcium concentration a solution prepared from it remained 
inactive But when this solution was diluted to the optimum calcium 
concentration (1 to 100,000) the augmentation effect was again apparent 



2 The Effect of Calcium Concenteations 
A = Histamine aad phosphate solution 1 part to 

B = CaS04 

1400 parts per imllion* 

C = CaSO* 

700 parts per million 

D = CaSOi 

100 parts per million 

E = CaSOj 

50 parts per million 

F = CaS04 

10 parts per million 

G = CaSOi 

7 parts per million 

H = CaSOi 

0 8 part per million 

I = CaS04 

0 08 part per million 


ON Histamine Wheals 
10,000 


At times ashing was substituted for the mercury precipitation of 
proteins In eak solutions this improved their augmenting effect, since 
no calcium v'as lost in this procedure 

These results showed that the lack of augmenting power in an extract, 
or in a fraction of such an extract obtained dunng its analysis, might be 


* All CaSOi soluuons were made up to contain histamine aad phosphate 
1 part to 10,000 Dilutions refer to calaum sulphate CaS 04 2H;0 The cal- 
cium forms approximate^ one-fourth of the total 
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due to an excess of calaum, rather than to its absence Henceforth, all 
skin tests on the dog ere made in tnplicate, (a) at the usual concentra- 
tion of one gram of skin to 9 cc saline, (b) at one tenth this concentration, 
and (c) at varying strengths of 3 to 7 times the usual concentration 
Although there tv as little doubt in our minds that calcium was respon- 
sible for all the augmenting effect, various other possibilities W'ere con- 
sidered We found that strong solutions of phosphates also possessed 
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Fig 3 The Effect of Concentrations of Skin Enteact on Histamine 

Wheals 


A = Histamine aad phosphate solution 1 part to 10,000 
5=1 part skin extract diluted 1 5 Dmes with saline* 

C = 1 part skin extract diluted 5 braes with saline 
Z> = 1 part skin extract diluted 10 braes with saline 
E = 1 part skin extract diluted 100 braes with saline 
F = 1 part skin extract diluted 200 braes with saline 


considerable augmenbng power In none of our extracts, how ever, was 
the phosphate present m suffiaent concentrabon to have this effect The 
phosphate contents were determined colonmetncally according to the 
method of Fiske and Subbarow (8), and were always much lower than the 
concentrations of sodium phosphate which are capable of augmenbng 
histamine wheals 

One factor which had been constant throughout these experiments was 
the amount of sodium chloride which was added to produce isotomaty m 


* All skin extract solubons were made up to contain histamine aad phos- 
phate 1 part to 10 000 
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the solutions just before testing on the dog At this stage glucose was 
substituted for sodium chlonde m order to exclude any effect which the 
saline solution may have had The same results were obtained as when 
saline was used 

As the histamine used was m the form of an aad phosphate, this was 
replaced by an equivalent amount of histamine di-chlonde to determine 
whether or not the negative radical had any effect With histamine 
di-chlonde in dilution of 1 to 16,600, comparable results were obtained, 
and the augmention was just as great and just as consistent as when 
histamine acid phosphate in dilution of 1 to 10,000 was used 

It was possible to inhibit the augmenting effect of skin extract on 
histamine in various ways If the pH of the solutions was much more 
acid, or alkaline, than that of blood, the augmentation was decreased 
Therefore, the pH was always adjusted to approximately 7 2 (using phenol 
red as the indicator), before testing on the dog, to insure obtaining the 
maximum augmentation 

The addition of strong soap solutions completely destroyed the ac- 
tivity of the extracts, and even cut down to a considerable degree the 
size of the standard histamine wheal Sodium citrate solutions had a 
similar effect, possibly due to their power of changmg the diffusibility of 
calcium (9) As stated above, too high a calcium concentration prevented 
augmenting effect This held true also when calcium was added to an 
extract that was already active 

A 10 per cent solution of calcium chlonde (10) will of itself induce a 
wheal not unlike that from histamine This, however, is so far beyond 
the concentrations used m these experiments that the augmenting effect 
of calcium on histamine cannot be considered as merely an added effect 

SUMMARY 

From these expenments, it appears that calaum possesses the power 
of enhanang the size of wheals due to histamine (or to atropme or code- 
ine), but only in a defimte zone of concentration The optimum concen- 
tration for different dogs, however, vanes considerably In some the 1 
to 10,000 dilution gave greater augmentation than the 1 to 1,000,000 
dilution , in others this effect was reversed In most instances the op- 
timum dilution was 1 to 100,000 Outside of these liimts, calcium seems 
incabable of increasing the size of wheals The explanation for this is not 
clear Further expenments are being earned out to study the behavior 
of A\ heals under conditions that are supposed to influence the concentra- 
tion of calaum in the fluids and tissues of the body 



W K ■S\XAVER, n L ALEXANDER AND F S lIcCONNELL 203 
BIBLIOGRAPHY 

1 Lems, T , The Blood Vessels of the Human Skin and Their Responses 

London, 1927 

2 Torflk, L , and Lehncr, E , Arch f Dcrmat. u Syph , 1921, cxsxii, 401 

Zur Anatomie und Pathogcncse der Urticaria 

3 Alexander, H L , Weaver, W K , and McConnell, F S , Proc Soc, Exp 

Biol and Med , 1930, xxvii, 486 Observations on the Formation of 
Wheals III The Participation of an Umdenbfied Tissue Substance 
Weaver, W K , McConnell, F H , and Alexander, H L , Proa Soa Exp 
Biol and Med , 1931, xxviii, 468 ObservaDons on the FormaUon of 
Wheals IV Influence of Calaura ConcentraUons on Histamine 
Wheals 

Alaxander H L , and McConnell, F S,J Allergy, 1930, u, 23 Vanability 
of Skin Reactions in Allergy 

4 Hanke M T , and Koessler, K K , J Biol Chem , 1920, xliii, 543 Studies 

on Proteinogcnous Amines VIII QuanDtaUve Colonmetnc Estima 
bon of Histamine 

5 Hams, K E , Heart, 1927, xi%, 161 Observations Upon a Histamine like 

Substance in Skin Extracts 

6 West, E S , Scharles, F H , and Petersen, V L , J Biol Chem , 1929, 

Ixxxli, 137 The Determination of True Sugar in Blood 

7 Greenberg, D M and Gunther, L 1930, Ixxxv, 491 On the Determina 

tion of Diffusible and Non Diffusible Serum Calaum 

8 Fiske, C H , and Subbaroiv, T , J Biol Chem , 1925, Ixvi, 375 The 

Colonmetnc Determination of Phosphorus 

9 Schelling, D H , and Maslow, H L , J Biol Chem , 1928, Ixxviu, 661 

Effect of Sodium Citrate, Acetate, and Lactate on the Ultrafiltrability of 
Serum Calaum 

10 Sollmann T , and Pilcher, J D , J Pharm and Exp Therap , 1917, Ix, 309, 
Endermic Reactions I 




OBSERVATIONS ON THE FORMATION OF WHEALS 

V The Effects of Variation of the COj CoiiBlNiNo Power of 
THE Blood on Histamine Wheals 

Bv F s McConnell, w k. weaver and h l Alexander 

(From Ihe Deparlmeni of ifedtane Waihtnglon Unmrstly lledtcal School and the Barnard 
Free Shn and Cancer Hospital, St Louis) 

(Reccf\’cd for pubHcntion August 14, 1931) 

In a previous paper (1) it was shown that calcium salts in very high 
dilutions only are able to augment the size of histamine wheals The 
following expenments n ere designed to show the effects of changes in COs 
combining power in the blood of dogs after the admmistration of aad 
and alkaline salts, on the size of histamine w heals The method employed 
was as follows 

Control tests w ere made intradermally with the following solutions 
0 02 cc. of histamine aad phosphate. 0 02 cc of a 1 to 100,000 dilution of 
calcium sulphate, and 0 02 cc o! a I to 10 dilution of active shn extract 
Each of the three solutions were made up to contam the same concentra- 
tion of histamine aad phosphate The resulting wheals were measured 
IS minutes after intradermal injections, and were recorded m square 
centimeters Both calaum and skm extract were used m these expen- 
ments to serve as a check on each other, since it has been shown that the 
augmenting power of skin extract on histamine wheals is due to its cal 
aum content 

Blood was then drawn under oil from the heart. The serum was sep- 
arated and exposed to a COa (S per cent) Oa (95 per cent) mixture, and 
the COa combining power deterrmned according to the method of Van 
Slyke and Neill (2) Ammonium chlonde dissolved in 40 times its 
weight in w ater to prevent vomiting was admimstered by stomach tube 
Si.\ grams of the salt were usually suffiaent to produce a disbnct lowenng 
of the COj combimng power of the blood m a dog of S kilos At intervals 
of IS to 30 minutes after the ammomum chlonde had been given, intra- 
dermal tests, with the same solutions as above, were repeated As soon 
as a vanation in the size of wheals when compared to the control tests 
was noted, blood was drawn again and the COj combimng power of the 
serum deterrmned as before If the drop m COi was pronounced, the 
mtradermal tests were repeated again 18 hours later, and a final COj 
estimation made No anesthetic was used 

When the COi combmmg power of the blood was lowered, the sizes 
of the wheals were always smaller than the controls, although the amount 
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of total calaum m the blood serum remained unchanged The amount 
of lowering of the COo combining power varied considerably, but with a 
drop of only 12 volumes per cent, the sizes of the wheals at times were 
markedly reduced when compared with the control tests As the CO; 
combining power gradually returned to normal, the wheals again became 
larger For example, in one expenment, a histamine wheal measured 0 7 
sq cm when the COo combining power of the blood was 60 volumes per 
cent After the administration of cunmonium chloride, the CO 2 dropped 
to 45 volumes per cent A histamine wheal then measured but 0 4 sq 
cm Finally, as the CO 2 rose to about its previous level, a histamine 
wheal again measured approximately 0 7 sq cm In these expenments 



Fig I The Effect of a Lowered CO 2 Combimkg Power of the Blood 

ON the Size of Wheals 

Histamine = Histamine aad phosphate 1 to 2,000 dilution 
CaSO^ = 1 to 100,000 dilution made up to contain histamine aad phos- 
phate 1 to 2,000 

Skin extract = 1 to 10 dilution made up to contain histamine aad phos- 
phate 1 to 2,000 

Figures = Increase in area of heals measured in square centimeters fifteen 
minutes after injection 

histamine acid phosphate was used in high concentrations so that the re- 
sulting t\ heals V ere large This was done m order to measure vanations 
m size more accurately In prelirmnary expenments the pH of the 
blood vas found to be lowered after the administration of aad salts 
assoaated with a diminution in size of wheals The pH was measured 
accordmg to the method of Hastings and Sendroy (3) 

The same method w as follow ed in expenments to determine the size 
of wheals when the CO 2 combining power of the blood was elevated A 
distinct nse in CO 2 was usually obtained with 200 cc of a six per cent 
solution of sodium bicarbonate administered by stomach tube 

\nien CO- combining power was elevated, there was always an as- 
soaated increase in the sizes of wheals as compared to the controls 
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Moreover, as the COi resumed its original level, the wheals agam became 
smaller For example, a histarmne wheal measured 1 0 cc. when the 
COj combining power was 60 volumes per cent Forty five minutes 
after sodium bicarbonate had been given, the COi value rose to 78 The 
total serum calcium remained unchanged At this time, a histamine 
wheal measured 1 6 cm , about 60 per cent larger than the control wheal 
The follonmg day, both the COi combining power and the size of the 
histamine wheal had assumed their onginal values In preliminary ex- 
periments, the pH of the blood was found to be elevated after the ad- 
ministration of alkaline salts associated with an increase in the size of 
wheals 



Fig II The Effect op an Elevated COj Combining Power of the 
Blood on the Size of Wheals 


Histamine = Histamine aad phosphate I to 2,000 dilution 

CaSOi =■ 1 to 100,000 dilution made up to contam histamine aad phos 
phnte 1 to 2,000 

Skin extract = 1 to 10 ddution made up to contain histamine aad phos 
phate 1 to 2,000 

Figures ^ Increase in area of wheals measured in square centimeters fifteen 
minutes after injectioo 

The followmg protocot shows the results of two experiments, one wnth 
a lowered and one with a raised COi combinmg power These were 
selected as typical experiments from a senes of 19 (Table I ) 

It IE known that atrates markedly influence diffusible and ionic cal- 
cium in complex solutions such as blood (4) This (5) was suggested in 
previous experiments (1) To a 1 to 100,000 solution of calcium sulphate, 
con tain ing four per cent sodium citrate, was added histamme^od phos- 
phate, m an amount suffiaent to make a concentration of 1 to lO'OOf) 
The mixture was adjusted to a pH of 7 2 When ^ 
jected mtradermally mto a normal dog, c^cium 
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TABLE I 

The effects of changes in COj combining power of the blood on the sizes of wheals 


Date, doE number 
and welsht 

Time 

COi 

com- 

bitung 

power 

Serum 

cal- 

aum 

Hista- 

mine 

1 

CaS04 

1 

Sfcin 

ex- 

tract 

Comment 



roJ- 







a Ttt ' 

utnes 

per 

per 

100 cc. 

cm 



1 



cent 






March 18, 1931 

10 00 

60 

10 3 

08 

1 3 

1 1 


Dog S Weight 

10 15 






6 0 grams NH<C1 in 200 cc 

approximately 5 
kilos 

10 30 



09 

1 2 

1 0 

water given in stomach 


10 45 

47 

10 2 

05 

06 



Apnl 5, 1931 

11-00 

59 

9 8 

1 0 

14 

1 3 


Dog 9 Waght 

11 15 






6 0 grams NaHCOj m 200 

approximately 7 
kilos 1 

IIJO 



1 2 

14 

1 3 

cc water given m stomach 


11 45 

78 

10 0 

1 6 

1 S 

1 9 



Histamine = Histamine aad phosphate 1 to 2,000 dilution 

CaSOi = 1 to 100,000 dilution made up to contam histamme aad phosphate 1 to 
2,000 

Skin extract = 1 to 10 dilution made up to contain histamine aad phosphate 1 to 
2,000 

Figures = Increase in area of wheals measured in square centimeters fifteen 
mmutes after injection 

histamine wheal Moreover, a histamine solution containing four per 
cent sodium citrate and no calcium induced a wheal that was smaller than 
that git’^n by histamme alone 

The effect on wheal formation of sodium citrate administered to a dog, 
was studied One hundred cc of a five per cent sodium citrate solution 
was given by stomach tube The same procedure was followed as that 
recorded in the experiments above It was found that sodium citrate 
mvanably caused a nse in the CO* combining power Despite this, in no 
instance did the size of wheals appreaably increase As a rule, they re- 
mained about the same size as the controls Occasionally there was a 
decrease In one dog on which the experiment was done repeatedly, 
there v as a marked reduction (about 40 per cent) in the size of wheals 
after sodium atrate had been given, although the CO 2 combining power of 
the blood rose 20 volumes per cent The total serum calcium was not 
appreciably affected 

That neither the sodium nor the chlonde ion of the salts administered 
was responsible for the changes noted, had been determined in previous 
experiments wherein glucose was substituted for the sodium chlonde used 
to produce isotomcit>’^ in the solutions injected Under these circum- 
stances, the wheal-forming activity of the solutions remamed unchanged 
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SUMMARY 

1 The ingestion of acid in the form of ammonium chlonde diminishes 
the sizes of histamine wheals as well as those formed from a combination 
of histamine with calcium sulphate and from histamine with skin extract 
Ingesbon of sodium bicarbonate, on the other hand, increases the size of 
such wheals 

2 The ingestion of sodium citrate caused an alkahnizabon which w'as 
not accompanied by an increase in size of histamine wheals At bmes 
the wheals were markedly reduced in size. 

While It IS tempbng to consider that these phenomena may be ex- 
plained on the basis of changes in calcium ion concentrabon, the condibons 
actuallj exisbng in tlie bssues are too little known to jusbfy this con- 
clusion 

Further experiments are being conducted on the behavior of the local- 
ized edemas of allergy under conditions that influence wheal formabon 
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STUDIES OF CALCIUM AND PHOSPHORUS METABOLISM 


VI In HYPOPARATHYROIDISSt AND CHRONIC STEATORRHEA WITH 
Tetany ^\T^I Special Consideration of the Therapeutic 
Effect of Thyroid 

By JOSEPH C AUB PULLER ALBRIGHT WALTER BAUER 
and ELSIE ROSSMEISL 

(From the Medical Clinic of the Massachusetts General Hospital Boston) 
(Recci\’cd for publication August 3 1931) 

Follonmg the observation by Aub, Bauer, Heath, and Ropes (1), 
that the thyroid hormone exerts a marked effect upon the excretion of 
calaum, it became of interest to determine the therapeutic effect of this 
internal secretion upon the calaum mctabohsm m tetany In hyper- 
thyroidism, although the blood calaum and phosphorus levels are essen- 
tially normal, the calaum and phosphorus excretions are abnormally high 
Tetany of the low calaum vanety, honever, has been shown to have an 
abnormally low calaum excretion assoaated with the abnormally low 
blood calaum level The pnmary purpose of these metabolic studies was 
to study the influence of thyroid medication on the level of calaum and 
phosphorus in the blood and excreta of patients suffenng from tetany 
Other observations, however, were made for comparison and this paper 
includes data illustrating the influence on inorganic salt metabolism of 

1 Hypoparathyroidism, 

2 Chronic steatorrhea complicated by tetany, 

3 The immediate and prolonged use of parathyroid and thyroid medi 

cation in the tetany of hypoparathyroidism, and 

4 The production of aadosis in the above types of tetany 

The data reported in this paper were obtamed from three cases of 
tetany which we observed over prolonged penods K L (Case I) had 
severe, chronic parathyroid tetany which was preapitated by two radical 
thyroidectomies for very mild Graves disease. The tetany eventually 
could not be controlled, and the patient died B W (Case H) ’ appar- 
ently had idiopathic parathyroid tetany DeLaB (Case III),* a young 
woman with tetany produced by celiac disease or steatorrhea, was similar 
to patients reported by Blumgart (2), Thaysen (3), Holmes and Starr (4), 
Linder and Hams (5), and Hunter (6) The summaries of the case his- 
tones are attached to the end of this paper These cases were studied m 

‘ Cases 11 and III are further discussed in other papers (9, 10, 11) 
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the metabolism ward of the Massachusetts General Hospital %vnth the 
same careful routine and methods already fully descnbed in papers I and 
II of this senes (7) (8) We were able to maintain a ngid regime wth 
constant food intake m which a change of medication was often the only 
vanant The excellent cooperation of the patients allowed us to obtain 
repeated obsen^ations over many months (The metabolic data are 
given m Tables I, II, and III ) 

The metabohc charactenshcs of parathyroid tetany 

These three patients grouped themselves into two t}T)es K L and 
B W (Cases I and II) represented parathyroid deficiencies, while DeLaB 
represented a metabohc abnormahty which was probably pnmanly di- 
gestive Each of the types had a low blood calaum level and the signs 
and symptoms of tetany (see Table IV) The difference m these two 
types w as best seen m the blood inorganic phosphorus levels, a determina- 
tion which IS of prime importance m the differentiation of types of tetany 
Thus, both K L and B W had elevated blood phosphorus levels, char- 
acteristic of parathyroid tetany, w'hile DeLaB had a lower level than 
normal 

Low blood calcium values m parathyroid tetany are now well estab- 
lished, and these cases showed a reduction which w^as more than 50 per 
cent below the normal value Calaum chlonde intravenously did not 
raise the blood calaum or affect blood phosphorus levels for any pro- 
longed penod Within two hours after the injection these values had 
returned to their previous levels m Case I Hourly blood calaum deter- 
minations, after B W (Case II) ingested 5 grams of calaum lactate, dis- 
closed a maximum elevation at the end of tw'O hours of less than 1 mgm 

The extraordinarily low calaum excretion in the unne, like the low 
serum calaum, was present in both types of tetany In the three cases 
It averaged only 26 mgm m three days while in our normal controls the 
average was 190 mgm The fecal exaction on a low calcium diet was es- 
sentially normal in the tw'o patients with hypoparathyroidism in contrast 
to the slight elevation in the patient -with steatorrhea This indicates 
that the exaction of calaum by bowel, inasmuch as it is not decreased 
by a low blood calaum, is probably not a threshold phenomenon This 
supposibon is strengthened by the finding of a deaeased fecal calaum 
exaction in hyperparath>TOidism 

The exaction of phosphorus in the tw^o untreated cases of parathyroid 
tetany w as low er than that in normal individuals Just as with calcium, 
the unnaiy^ phosphorus exaction w^as reduced, but the fecal exaction was 
essentially normal Thus, just as a high partition of phosphorus m 
the unne as compared wnth the feces is charactenstic of hyperparathy- 
roidism (12), the opposite is the case in parathyroid tetany 
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Benjamin W Aged 52, white, male Admitted— July 10, 1926 Diagnosis— Idiopathic tetany 

{Intake and output per 3 day period) 
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• Feces assumed to be 10 per cent of nitrogen intake 
^ Tbyroxin "was given in all instances intramnscularly 
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^Ictabohc findings in patient with chronic steatorrhea 
The metabolic abnormalities in the patient wnth chronic steatorrhea 
were so fundamentally dissimilar from those of the patients with para- 
thyroid tetany that they must be considered separately (see Table III) 
The low serum calcium and the consequent low calaum excretion in the 
unne (cf serum calaum below the kidney threshold) need no further com- 
ment In penods 1-6 (Table III) the fecal calaum excretion while on a 
low calaum diet was perceptibly higher than that of normal individuals 
on a similar regime (Table IV) That this abnormality was due to lack 
of absorption of calaum from the gastro-mtestinal tract rather than to 
increased excretion of calaum into the gastro-mtestinal tract was well 
demonstrated in penods 7-11 (Table III) Here, on a higher intake of 
calaum, almost all of the ingested calaum appeared in the feces This 
lack of absorption of calaum may apply, of course, to calcium exacted 
into the gastro-mtestinal tract which ordmanly would be reabsorbed 
In penods 29 and 30 (Table III) on a very high calcium intake there was 
considerable absorption of calaum and the serum calaum did nse The 
abnormalities m the calaum metabolism m this case may thus be sum- 
manzed as 

1 A long continued lack of absorption of calcium, 

2 A resulting low serum calaum due to long continued calaum pnva- 

tion, and 

3 A consequent low calaum exaetion m the unne because of the 

low serum calaum (threshold phenomenon) 

There wae three possible factors to account for the decreased absorp- 
tion of calaum from the gastro-mtestinal tract The formation of insolu- 
ble soaps was probably the most important factor Increased intestinal 
rate may have been an added factor Finally, an inaeased pH of the 
upper intestinal tract (cf anaadity) may have played a part (9) The 
final proof that lack of calaum absorption was at the bottom of this 
disorder was shown in later studies by Bauer and Marble (9) By ad- 
ministenng ergosterol they noted an immediate remarkable inaease m 
calaum absorption and a later return of other abnormalities to normal 
It is now of interest to see how the phosphorus metabohsm reacted to 
this disorder of calaum metabolism It is apparent at once that the 
serum phosphorus was very low Just as the total calaum excretion on a 
low calaum diet w as wnthin normal limits (penods 1-6), likewnse the total 
phosphorus exaetion was not abnormal However, very unlike the sit- 
uation m parathjTOid defiaenaes, there w^as a high partition of phos- 
phorus in the unne as compared to the feces Thus, in spite of the low' 
serum phosphorus, there was a normal exaetion of phosphorus in the 
unne This makes one question w hether phosphorus is a threshold sub- 
stance at all in spite of the contention of AIbnght, Bauer, Claflin, and 
Cocknil (13) that the abnormalities in parathyroid disorders are de- 
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pendent on alterations in the threshold for phosphorus excretion This 
point IS discussed elsewhere (13) The findings in the phosphorus metab- 
ohsm were, therefore 

1 A low serum phosphorus 

2 A normal excretion of phosphorus with a high partition in the unne 
as compared with the feces 

A study of the total aad base balance throws further light on the 
metabolic abnormalities in this case Wfith the loss of large quantities of 
orgamc fatty aads, a large amount of base was also found in the feces, 
about half of which was available as alkali for the neutralization of or- 
gamc aad (11) The fecal ash was markedly alkaline, probably because 
the ashing removed organic aads When the fecal ash was ground with 
water and titrated to methyl red with normal HCL, an end point could 
only be approximated Dunng period 28, when no medication was given. 
It required 138 cc, normal HCl in this inaccurate titration, while 425 cc 
normal HCl were required m penod 30 when 9 grams of CaCli were given 
daily This large loss of base by feces naturally influenced the reaction 
of the absorbed part of the diet The ingested diet was potentially 
neutral , the absorbed part was, in all probability, aad This may well 
explam the high concentration of ammonia found in the unne (11) In 
agreement with such an explanation was the shnnking of unnary am- 
monia when sodium bicarbonate was added to the diet (penods 25-27), 
and the nse m ammoma excretion when ammonium chlonde was mgested 
(penods 12-18) The fact that calaum chlonde (penods 29 and 30) not 
only increased the fecal total base and fecal alkalimty but also the unnary 
ammoma was probably due to the greater absorption of the chlonne ions 
as was onginally shown by Gamble (14) 

The effect of parathormone tnedtcalton tn hypoparathyrotdtsm 

As a method of treating parathyroid tetany, parathormone is dra- 
matic ’ From the studies made on Cases I and II it is obvious that small 
doses of parathyroid extract exert a much greater effect m patients with 
parathyroid defiaency than in normal mdividuals In our normal con 
trol cases, 100 umts of parathormone daily resulted in a nse of the blood 
calaum level of about the same degree as 10 or 15 umts did in these cases 
of tetany 

The effect of parathormone was more obvious on the blood calaum 
level than on the calaum exaction There was only one control penod 
in the observation upon K L , so that the effect of parathormone on the 
calaum excretion was not certain, but it obviously was not marked, for 
even afta the blood calaum had nsen dunng parathormone administra- 
tion from 4 2 to 6 9 mgm pa 100 cc the total calaum exaction remained 

• We wish to take this opportunity to thank Eh Lilly Co for the genaous 
supplies of parathormone which they gave to us for this investigation 
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at the very low level of 0 37 gram m 3 days Practically the same effect 
v as seen m the case of B \V He was on a high calaum diet when he was 
given daily injections of 10 units of parathormone This was adequate 
to raise the blood calaum from 6 to 7 8 mgm , but there was no staking 
effect on either the fecal or unnary calcium avcretion until the blood 
calaum had nsen above 9 mgm It is true that the high calcium intake 
wmuld have hidden any minor effects upon the fecal calaum excretion, 
but no technical error ought to have obscured an effect on the low calaum 
excretion in the unne The explanation suggested by Albnght and Ells- 
w^orth (16) that the renal threshold for calaum excretion is about 8 5 mgm 
probably explains these findings 

In the course of our observations it has become obvious that parathor- 
mone has its most marked effects in the first few weeks of administration 
and that then its influence on calaum metabolism is sometimes gradually 
lost Thus, its benefiaal effects were stnkingly observed in K L w'ho 
lost all sjnnptoms and signs of tetany on only IS units (later 7 1/2 units) 
a day This very satisfactory result lasted while the patient was in the 
hospital and on a low calaum intake Then she was given a diet high in 
calaum and discharged from the hospital, but in spite of continued para- 
thormone injections, her blood calaum gradually fell On her re-admis- 
sion to the hospital some months later, daily injections of over 100 umts 
of parathormone would not change her low blood calcium or her total 
calaum excretion even though she was on an adequate calaum intake 
This was not ascnbable to poor parathormone because the same prepara- 
tion had a marked physiological effect on other patients We have ob- 
served such an immunity in other patients as well (17) This has also 
been reported by Lisser and Shepardson (18) in a staking case of tetany 
In Boothby’s recent studies (19) such an immunity w^as not observed 

The effect of thyroid medication in hypoparathyroidisin 

In paper III of this seaes (1) it was shown that the effect of thyroid 
on blood calaum was negligible, but that its stimulating effect on calaum 
excretion w^as of great magnitude It w^as, therefore, natural to try the 
effect of th>xoid therapy on these cases of parathyroid tetany The 
resulting effect was veiy' staking This can best be demonstrated in 
the first obser\'ation on K L (See Table I and Figure 1 ) 

Paor to the administration of thyroid she had received daily intra- 
muscular injections of 15 units of parathormone This had raised her 
blood calaum from 4 2 to 6 7 mgm per 100 caduang a peaod of 18 days 
Without alteang the parathormone dosage, thyroxin (25 0 mgm ) and 
thjTOid (2 4 grams) w ere administered to her during a peaod of two weeks 
Her metabolic rate rose from nunus 14 per cent to plus 22 per cent and her 
blood calcium rose from 6 7 mgm to 11 9 mgm per 100 cc It was only 
then that the calaum excretion was influenced, increasing three-fold over 
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its value in the earlier penods This increase came in spite of a constant 
low calcium intake so that it must have been denved from calcium in the 
bones A large part of this increase appeared in the unne The in- 
creased calaum in the excreta and blood persisted slx wrecks after the 
thyroid medication had been omitted This result w'as re-obtained later 
in the same patient The unnary phosphorus excretion (see Figure 1) 
was increased markedly with the giving of thyroid and long before the 
increased calanuna had appeared The serum phosphorus w'as little 
affected 

On three separate occasions in the other patient (B W ) the blood 
calaum level w’^as definitely raised by the intramuscular injection of 
thyroxin (see Tables, II and V) In the first observation, thyroid w'as 
given alone After the basal metabolic rate had returned to normal, the 
blood calaum rose from 4 5 to 6 4 mgm per 100 cc This elevation w^as 
maintained for almost three weeks and w^as accompanied by a fall in the 
blood phosphate level The calaum excretion was not determined during 
this penod Dunng the second obsen.’^ation, the patient weis on a high 
calaum diet The low unnary calaum output show^ed no acceleration as 
a result of thjToid, although the blood calaum value W'as elevated slightly 
more than a milligram The level had apparently not reached that of the 
kidney threshold The third administration of thyroxin to B W (penods 
31 to 38) w^as supenmposed upon a high calcium diet plus ten units of 
parathormone daily The parathormone alone raised the blood calaum 
level from 6 mgm to 7 8 mgm without much effect on the blood phos- 
phorus or unnary calcium ^^^len thyroxin was given in addition, the 
blood calcium rose to 9 4 mgm and remained elevated for over two weeks 
and the blood phosphorus lewl fell for the same penod Dunng six days 
the calaum excretion in the unne rose far higher than at any other time 
in the whole obseiw'ation, although this inaease did not appear for at 
least three days after the blood calcium level had reached its maximum 
Here, then, thyroxin, supienmposed on a high calaum intake plus para- 
thormone, increased the calaum m the blood to a level w hich was suffi- 
aently high to cause an inaease in the unnary excretion The effect of 
th>TOid medication in parathyroid tetany is shown m summary form in 
Table 

Administration of thjToid or th>noxin to patients suffenng from hy- 
poparath>’Toidism has taught us then the followang facts 

1 \Miereas m hj-perthyroidism, in spite of a marked inaease of calcium 

excretion, thae is no definite ele\’ation of the blood calcium, in 
hj'poparathyroidism administration of thyroid or thjTOxin results 
in a marked ele^ ation of the blood calaum 

2 This ele\-ation of the blood calaum does not lead to inaeased cal- 

dnuna until the blood calaum has nsen beyond the threshold 
le%el 



T\DLB \ 

Effect of thyroxin on average metahoUe levels in cases of tetany (Intake and output per 3 day period) 
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3 There is an increased urinary phosphorus axcretion, which begins 

almost immediately The serum phosphorus is little affected 

4 Thyroid extract is a helpful adjunct m the symptomatic treatment of 

parathyroid tetany 

In paper VIII (20) of this senes, a further discussion of the mode of 
action of thyroid on calcium metabolism is given 

The effect of potenkally aetd salts on tetany 

Ammonium chlonde or other potentially acid salts have been utilized 
by several investigators for the treatment of tetany Just as alkalosis 
tends to bnng on teteny, aadosis tends to dispel it Because of the 
paucity of metabolic studies, however, we are bnefly reporting the results 
on these patients The clinical signs of tetany disappeared and the neuro- 
logical electneal reactions improved m the patient K L when she was 
given hydrochlonc acid and ammonium chloride (penods 52 to 59) But 
this improvement was accompanied by only small changes in her calcium 
and phosphorus metabolism The blood calcium and phosphorus levels 
fluctuated back and forth without showing any decided change The 
unnary calaum excretion was approximately doubled, but, because of 
the initial small value, this represented only a small, actual increase 
The effect was slight in companson with that of thyroid extract A 
similar amount of ammonium chlonde m normal individuals on a low 
calaum diet (10) produced on the average a four-fold inaease in unnary 
calaum, but no effect on fecal calaum (see Table VI) 

In patient DeLaB , who had steatorrhea, the effect of ammonium 
chlonde was more carefully controlled Metabolic studies of this patient 
showed that on a neutral low calcium test diet, she excreted approxi- 
mately a normal amount of calaum but that this was almost entirely in 
the feces When more calcium w'as added to the diet (penods 7 to 1 1) the 
blood calaum rose slightly, but the unnary calaum did not nse in spite of 
a positive calaum balance The giving of ammonium chlonde (4 grams 
daily in penods 12 to 15, and 6 grams daily in penods 16 to 18) then in- 
creased the fecal exaction of calaum enough to produce a negative cal- 
aum balance again, and there w’as a definite rise in her blood calcium from 
6 0 to 7 6 mgm This elevation of blood serum calaum w'as assoaated 
wuth a marked clinical improvement All symptoms of tetany and the 
Ch\ostek and Trousseau signs disappeared only to return two days after 
ammonium chlonde w'as discontinued Corresponding to the increased 
fecal calaum exaction there w as a definite inaease in the unnary phos- 
phorus exaction Thus, whereas normally ammonium chlonde causes 
an inaeased unnary exaction of calaum and phosphorus, in this case, 
presumably because of the low serum calaum, the increased calaum ex- 
action was in the feces, while the maeased phosphorus exaction, in 
spite of the low serum phosphorus le\el, remained in the urine 
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Large doses of sodium bicarbonate added to her diet for three penods 
had no demonstrable effect on the calcium, phosphorus, or nitrogen ex- 
cretions, nor on the blood serum levels of calcium or phosphorus 

The 'intravenous administration of calcium 
In early penods of study both K L and B W received occasional 
intra\ enous injections of calaum chlonde These relieved their signs of 
tetany temporanly, but the calaum apparently was not subsequently 
found in the excreta We, therefore, studied this more carefully in 
B W by maintaining him on a constant, moderately low, calcium diet 
After control periods were obtained, he was given repeated intravenous 
injections of calaum chlonde in such quantities that his calcium intake 
was twice that of the control penods Table II demonstrates that in 
this short observation all of this extra calaum w^as stored (as in an obser- 
Aation by Salvesen, Hastings and McIntosh (21)) wnth a reduction in 
phosphorus exaction in the second penod approximately equivalent to 
the amount needed for bone deposit (Ca P = 2 2 1) This demon- 
strates a staking charactenstic of parathyroid tetany, namely, the great 
avidity for storage of calaum and the resistance to its elimination This 
retention could not be ascribed to a previous lack of calcium 

DISCUSSION 

From the above rather miscellaneous assortment of data, one striking 
fact needs special discussion The thyroid hormone, which raises only 
\er 3 ' slightly the serum calaum and phosphorus of otherwise normal in- 
dividuals, elevates very appreciably the low serum calcium of patients 
w ith parathyroid tetany A clarification of this phenomenon is suggested 
by an analysis of threshold values for exaction of calaum and phosphorus 
Albnght and Ellsworth (16) point out that there is a threshold value 
for unnarj' calaum exaction, below' w'hich the calaum in the urine re- 
mains negligible The extraordinary thing about this threshold is that 
it is surpassed by the normal value for serum calaum Calaum pnva- 
tion, unless long continued, wall not lower the serum calcium to the thres- 
hold value There is no counterpart to this in ph 5 ^iology as far as we are 
aware The implication is that there is another mechanism which keeps 
the serum calaum above this threshold, othenvise the calaum excretion 
in the unne w ould soon low er the serum calaum to the threshold value 
This other mechanism may well be the parathyroid hormone 

Phosphorus is tliought by Albnght, Bauer, Claflin and Cocknll (13) 
to be a threshold substance The normal value for serum phosphorus is 
thought bv them to represent approximately the threshold value The 
high serum phosphorus le\el of hj-poparathyroidism and the low' saum 
phosphorus level of h>'perparath>'roidism are thought by them to repre- 
sent not le^ els abo\ e and below the threshold respectively, but changes in 
the threshold values 
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Now the thyroid hormone, regardless of the exact mechanism, mobil- 
izes large amounts of calaum and phosphorus from the bones into the 
blood stream and hence into the excretory channels Thus, one would 
expect it m the normal state to cause a slight rise of the blood levels of 
both calaum and phosphorus and, because both thresholds vould then be 
exceeded, to produce an immediate excretion of both This is ]ust what 
occurs In hypoparathyroidism, however, the calaum on amving in the 
blood stream still is below the threshold value and would not be im- 
mediately excreted This is not true of the phosphorus There would, 
therefore, be a tendency for the serum calaum to rise without any ap 
preaable alteration in the serum phosphorus This is just what occurs 

CONCLUSIONS 

I Previously noted alterations in the calaum and phosphorus meta- 
bolism m parathyroid tetany are conhrmed, viz , 
a A low serum calaum level 
b A high serum phosphorus level 

c A low unnary calaum excretion with an unaltered fecal cal- 
aum excretion 

d A low unnary phosphorus excretion with an unaltered fecal 
phosphorus excretion, — hence a low partition of phosphorus 
m the unne as compared with the feces 

II The alterations in the calaum and phosphorus metabolism in the 
tetany assoaated with chronic steatorrhea have the follow- 
ing points of Bimilanty with parathyroid tetany 
a A low serum calaum level, and 
b A low unnary calaum excretion, 

but the follow mg points of dissimilanty 
a A low serum phosphorus level, 
b A high fecal calaum excretion, and 

c A high unnary phosphorus excretion, — hence a high partition 
of phosphorus in the unne as comjiared with the feces 

III In our patient with steatorrhea all the disordered calaum and 

phosphorus metabohsm was dependent on a decreased 
calaum absorption from the gastro-mtestinal tract This 
was probably due to three factors 
a The formation of calaum soaps, 
b The increased intestmal rate, and 
c The decreased aadity of the gastnc contents 

IV o A given dose of parathyroid extract is more efiicaaous the 

greater the degree of hypoparathyroidism. 

6 Some patients with long continued mjecbons of the present 
preparation of parathyroid extract become refractive to 
the drug 
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V Thyroid medication has the follownng effects m hypoparathy- 
roidism 

a To raise the serum calcium markedly 

b To increase the calaum excretion m the unne, but only after 
the serum calaum has surpassed the threshold value 
c To inaease the phosphorus excretion in the unne, without any 
deaded change in the serum phosphorus level 
d To alle\nate the symptoms of tetany 
\T The presence of a threshold for calaum excretion in the unne is 
confirmed This threshold is below the normal level of serum 
calaum In tetany any agent such as thyroid or parathormone 
which inaeases the level of serum calaum will not increase the 
unnary calaum excretion until the threshold has been passed 
The exaction of calaum into the gastro-intestinal tract, inasmuch 
as It is not decreased with the low serum calaum of parathjTOid 
tetany, is probably not a threshold phenomenon 
YII The question of a threshold level for phosphorus excretion in the 
unne cannot be deaded on the data presented Two pertinent 
facts appear 

a In hypoparathyroidism with a high blood phosphorus the uri- 
nar}’’ phosphorus exaction is reduced 
b In the tetany of chronic steatorrhea with a very low blood 
phosphorus the unnary phosphorus exaction is normal 
VIII In explanation of the phenomenon that thyroid medication raises 
the serum calaum of patients with hypoparathyroidism appre- 
aably while its effect on the serum of normal patients is almost 
negligible, the following hypothesis is suggested in hypopara- 
thyroidism the calaum on being taken from the bones by the 
thjToid hormone finds itself in the blood below ratha than above 
the threshold for excretion and hence is not immediately excreted 

APPENDIX 

CASE HISTORIES 

Case I Miss K L , M G H no 274355, a white, unmarned w'oman, 
twcnt^-f^^e jears of age, was admitted to the Hospital, January 28, 1926, 
and was discharged January' 27, 1927 The discharge diagnosis was Post- 
opera ti\ e parathy roid and thy roid defiaency 

Hislory of present tllncss Miss K L was first a patient in this Hospital 
in 1917 At that time she was suffering from mild hyperthy roidism for w'hich 
x-ra% treatment was adwsed She refused treatment and consulted another 
ph\ siaan He performed a subtotal thyToidectomy Six months later, 
because of the return of symptoms of hyperthyroidism, another subtotal 
th%Toidectomy was performed She stated she had been hoarse since this last 
operation Two months later she first noticed difficulty in breathing Wheez- 
ing was alwa\s present but was made worse by cold and exertion Besides 
this asthmatic-hke breathing, she had frequent attacks of carpopedal spasms 



AUB, ALBRIGHl, BAUER AND ROSSUEISL 


231 


dunng which fame# she was unable to talk Pnor to admission to the Hospital 
these attacks of tetany (laryngeal spasm) were so severe that she was unable 
to breathe for several minutes at a time Following her second operation, 
she first noticed dimness of vision This rapidly increased, finally necessitating 
the removal of bilateral cataracts 

Physical cxamtnalion She was a well developed, well nounshed young 
woman with slightly labored breathing and a hoarse voice Her skin was 
somewhat dry and coarse with scahng over the shins Her hair was dry and 
coarse The eyes, ears nose, and throat showed no abnormalities The 
heart was not enlarged ^ No murmurs were heard Blood pressure was 
100/70 Examination of the chest revealed slight dullness over either back 
The breath sounds were prolonged accompanied by expiratory wheezes 
Occasional sibilant rflles were heard throughout the chest. The abdominal 
examination was negative except for voluntary muscle spasm There was 
slight brawny edema of the ankles The nails were coarse and very brittle 
The Chvostek and Trousseau signs were positive. The refle-xes were all 
hjperactive 

Lahoralory findings Five unne examinations revealed no abnormahty 
Blood examination showed a hemoglobin of 75 per cent, erythrocytes 5 656,000, 
leucocytes 7,900 The differential leucocyte count was normal and the smear 
was negativ e except for marked achromia The phenolsulphonephthalein test 
was 60 per cent The Wassermann test was negative. The nonprotein 
nitrogen was 28 mgm per 100 cc The serum calaum was 5 2 mgm per 
100 cc and the serum phosphorus was 5 4 mgm per 100 cc. Basal metabolism 
was — II per cent A ray e.vamrnation of the skeletal system showed no 
deviation from the normal 

Progress notes Dunng her stay in the Hospital, she had frequent attacks 
of severe tetany with marked laryngismus These gradually disappeared 
when parathormone and thyroid medication was given However, she 
eventually became so refractory to parathyroid extract that 100 umts a day 
did not keep her free from the signs and symptoms of tetany 

On January 23 1927 she complained of toothache accompanied by a 
temperature of 101 to 102° F X ray examination of her teeth showed several 
apical abscesses Extraction of these teeth was advised, hoping that the 
elimination of these foa of infection might possibly benefit her During the 
admimstration of ethylene anesthesia she developed severe laryngismus. This 
was not relieved by small amounts of ether, adrenahn, or 5 per cent calaum 
chloride intravenously Finally a tracheotomy was performed This pro 
cedure relieved her laryngismus but she was then in a shock bke condition 
with a low blood pressure All subsequent treatment was without effect and 
she died in the surgical amphitheatre. 

Autopsy No 5119 January 27 1927, by Dr Tracy Mallory Anatomical 
diagnoses Parathyroid and thyroid defiaency, persistent thymus and focal 
necrosis of the hver Only a small remnant of thyroid tissue, measuring 
22 X 9 X 9 mm remained This was firmly adherent to the cncoid cartilage. 
It contained considerable fibrous tissue in bands which separated the islands 
of parenchyma The thymus was large, having roughly the shape of the 
numeral 8 with an isthmus, small upper and large lower poles From top to 
bottom It measured 11 cm and from side to side 6 5 cm , but it was not more 
than 3 5 mm in thickness It weighed 21 grams In the fibrous tissue over- 
lymg the trachea several small, pinkish masses averaging 2 mm in diameter 
w ere found Microscopic examinationa were not remarkable except as follows 
Thj mus — Infantile type, well differentiated cortex and medulla Thyroid — 
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The remnant of the th> roid show ed a marked increase m fibrous tissue, irregular 
m distnbution A few aani were greatly dilated, howe\er, the majority' were 
small, with a tendency to hyperplasia of the epithelium No remnants of 
parathyroid tissue w ere found in the surrounding fibrous tissue Neck tissue 
— Examination of the eight small glands removed from the neck showed no 
parathyroid tissue The In er show ed small areas of focal necrosis and invasion 
with polymorphonuclear cells 

Case II Mr B W , M G H no 277407, a white, married Jewish tailor, 
52 years old, was first admitted to the Hospital on July 10, 1926, and discharged 
August 30, 1926 He w'as re-admitted October 11, 1926, and discharged 
January 20, 1927 The patient had felt w'ell untiHten w'eeks before entrance 
to the Hospital At this time he first noticed a general feeling of uneasiness 
wath mild, irregular muscle spasms in his hands, forearms, and legs A week 
later he fell in the street because of marked contractions of arms and legs 
He did not lose consaousness , felt no pain, but his extremities seemed anes- 
thetic The attack lasted three or four hours, and w'as followed by repeated 
attacks of a shaking sensation of his muscles but wnthout evidence of muscle 
contractions He had a second severe attack three weeks pnor to his first 
entrance Otherw’ise he had only local muscle spasms of the arms and legs 
which recurred every few minutes Fiv'e weeks before entrance to this Hospital 
he noticed his eyesight w'as failing, necessitating his giving up his position as 
a tailor Seven days pnor to his hospital entrance, he dev'eloped severe pain 
in both shoulders on motion 

Physical exavunaitoii The physical examination disclosed nothing abnormal 
sav'e a few' v'ery canons and infected teeth, evidence of a bilateral subdeltoid 
bursitis, and very markedly positive Chvostek and Trousseau signs 

Laboratory findings The routine unne and blood examinations were normal 
The Wassermann test w'as negative The serum calaum was 5 1 mgm per 
100 cc and the serum phosphorus was 7 3 mgm per 100 cc The blood CO5 
combining power was 71 8 v'olumes per cent The basal metabolism tests 
were — 15 to — 20 per cent The nonprotein nitrogen was 38 mgm per 
100 cc Gastnc analysis show'ed aad v'alues w'lthin normal limits The 
clectncal reactions were typical of those found in parathyroid tetany 

Case III Mrs DeLaB , M G H no 290165, w'as a white, married 
stenographer, 27 years of age She considered herself well until five years 
prior to her entrance into the Hospital At that time she w'eighed 123 pounds 
She gradually lost in strength and energy At the time she entered the 
Hospital she weighed 93 pounds Four years prev'ious she had developed 
“mild indigestion” associated wnth epigastnc distress coming on about an 
hour after meals and lasting several hours This was sometimes accompanied 
bv nausea and rarelj by vomiting Large meals accentuated all of the above 
svmptoms She had suffered from alternating diarrhea and constipation all 
her life For the past four jears she had noticed twitchings of the face, 
areas of paresthesia over scalp and back, and frequent attacks of carpopedal 
spasm 

Physical examination Phjsical examination was completely negative except 
for areas of paresthesia and markedl> positive Trousseau and Chvostek signs 

Laboratory examination Routine blood and unne examinations w'ere 
negative Phenolsulphonephthalein test was 60 per cent Basal metabolism 
test was minus 4 per cent The electncal reactions were charactenstic of 
tetanv N-rav examination of the bones were negative except for slight 
dccalafication Gastnc analv sis rev ealed an anaadit> The feces contained 
much excess fat 
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STUDIES OF CALCIUM AND PHOSPHORUS METABOLISM 
XV In Various Metabolic and Bone Diseases 
Bv J C AUB AND R. F FARQUHARSON 

(.From Ihe Medical Clinic of the Massachusetls General Hospital, and the 
Peter Bent Bngham Hospital, Boston) 

(Reca\’cd for publication August 3, 1931) 

The bones may well be looked upon as a storehouse for calcium and 
phosphorus, readily available for the body needs for fixed base. The 
demands upon this supply can readily be determmed if a carefully con- 
trolled diet inadequate in calaum is administered Under such condi- 
tions the normal e-xcretion of calaum remains fairly constant, and a com- 
parison With disease states may readily be undertaken 

For several years this laboratory has systemabcally studied the cal- 
cium and phosphorus exchange m numerous pathological conditions In 
the course of these studies various diseases have been investigated and 
are to be published (1, 2, 3) 

We have also had the opportumty to investigate many interesting 
diseases in which a disturbance of bone metabolism might well be 
expected Some of these isolated cases are here brought together and 
this paper, therefore, demonstrates the metabolic need of calaum and 
phosphorus m vanous bone abnormalities as v\ ell as m gout and chronic 
hepatitis with jaundice 

experimental ilETHODS 

The patients were, with one exception, studied m the metabolism ward 
at the Massachusetts General Hospital The careful management and 
routine used there for tlie preparation of accurate diets and for the collec- 
tions of unne and feces has already been fully described (4) The penods 
used here were of three days' duration, and the feces were divided by the 
appearance of carmine The methods of analysis for calaum and phos- 
phorus were those of Fiske (S) and the nitrogen deterrmnations were made 
by Kjeldahl method In order to determme the endogenous need for 
calaum the patients received our usual neutral diet, which is madequate 
only m calaum In nine normal control subjects on similar neutral diets, 
the excretion of calaum averaged 186 mgm m the unne and 386 mgm 
m the feces per penod 

A diseases affecting the skeleton 
Secondary carnnotna tnvolmng bone 

In the course of studies on the effect of lead therapy upon cancer 
growth, observations were also made upon the calcium and phosphorus 
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metabolism of patients with secondary breast carcinoma involving the 
spine, peh is, and other bones The calcium excretion of most of these 
patients fell within the normal range In one patient, however, w'hose 
lesion in the pelvis w as progressing, there w as a very high urinary calcium 
excretion 

Case I, Mrs B , age 47, weighing 48 kilos, had the left breast removed 
in 1925, and the right in June, 1927, both breasts being infiltrated wnth 
carcinoma For approximately six months before her admission to the 
hospital, she had suffered from stiffness and soreness m the back and 
right shoulder and, for some w'eeks immediately preceding admission, with 
more severe pain low' in the back She w'as fairly comfortable w'hen lying 
still but w as afraid to move X-ray examinations revealed metastases in 
the spine, ribs, and pelvis, with pathological fracture of a vertebra, and 
some weeks later show'ed that the process in the pehns had rapidly ad- 
vanced The values for calaum determinations are presented in Table I 

TABLE I 

Secondary carcinoma involving bone 
{Intake and output in 3 day periods) 


Subject and diet 

Period 

Calcium 

Phosphorus 

Serum 



In- 

take 

Balance 

Urine 

In 

take 

Ca 

g 

Pro- 

tein 





mu 




mgm 

mgm 

grams 


(3-da>) 

srams 

ca 

3 


grains 

grams 

grams 

per 

100 

pfr 

200 

prr 

too 









cc 

cc 

cc 

Subject B M — Case I 

1 

92 

58 


-I 25 

1 02 

1 50 

10 7 

51 

68 

Lott Ca diet 

2 

1 11 

66 


-1 52 

1 31 

1 50 





3 

1 33 

29 

26 

-1 36 

1 55 

1 50 







37 

26 


1 62 

1 50 





5‘ 

1 19 

25 

28 

-1 16 

1 59 

1 50 





6* 

92 

40 

35 

- 97 

1 61 

1 47 





7* 

48 

39 

32 

- 55 

1 09 

1 39 





8 

62 

22 

38 

- 46 

95 

1 47 




High Ca diet 

n 

77 

1 06 

2 83 


IlH 

M 





■nJ 

09 

1 05 

3 18 








u 

49 

I 15 

3 19 



n 

10 5 

39 


Subject I X — Case 11 

I 

33 

27 

34 

- 26 


2 Of 

9 3 

3 6 

7 3 

Lou Ca diet 

HI 

35 

36 

33 

- JS 








41 

29 

31 

- 39 







m 

59 

26 

32 

— 53 







• 60 mgm of load injected intra\enously in the form of colloidal lead 
phosphate 


In the initial periods on a constant, potentially neutral diet low’ in 
calaum, the unnaty’ excretion of calaum was very high, the calaum of 
the feces being w ithin normal limits There w'as a large negative calaum 
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balance While she remained on the same diet the unnary calaum excre- 
tion fell to a level within the normal range Then she nas given a high 
calcium diet on nliich the calaum of the unne remained at the relatively 
low level \\ hile the fecal calcium increased greatly and there w as a positive 
balance The serum calaum did not change 

It seems reasonable to associate the excrebon of large amounts of 
calaum in the unne with the abnormal liberation of calaum about the 
enlarging, destructive lesion in the pelvis The penodiaty of grov th of 
malignant disease in bone is generally recognized As the activity de- 
aeases temporanly the flow of calcium from the bone into the excretory 
channels would naturally diminish and the calaum of the unne fall toward 
normal amounts It is interesbng that in this case the subsequent in- 
gestion of a diet fairly high in calaum, which gave rise to a large posibve 
calaum balance, had little effect on the amount of calcium in the unne or 
on the serum calaum level The same thing has been found in other 
cases 

We do not attnbute the change in calaum excrebon to the effect of 
injected colloidal lead, as we have had no evidence in other cases to 
indicate that lead given under the condibons of our work had any 
speafic effect on the tumor growth or on calaum metabolism 

Case II, Mrs L N age 33, weighing 62 kilos, suffered from extensive 
metastabc caranoma involving the skull, spine, pelvis, and humerus The 
data for calaum and phosphorus excrebon in her case are also given m 
Table I In spite of the extensive malignant disease the calaum exaction 
dunng the period of observabon was within the normal range A very 
marked clinical improvement afta lead and x ray therapy with recalofi- 
cabon of tumor masses is interesbng though of doubtful significance. 

Myeloma 

It was interesbng to compare the calaum metabolism in a pabent 
suffenng from mulbple myeloma with that of cases of breast caranoma 
with metastases in the bones Case III (Mrs M), age 27, weighing 44 
lolos, had suffered for approximately two years with darbng pains 
in vanous bones, which followed sudden movements She was comfort- 
able when resbng, but weak and pale X-ray examinabons demonstrated 
a diffuse and destrucbve process mvolvmg the spme, nbs, scapulae, 
humen, pelvis, and heads of the femora Some of the areas of destruebon 
wae quite large with sharply defined margins The 9th dorsal vertebra 
was mushroomed The appearance suggested to Dr George Holmes 
either myeloma or metastabc caranoma Large amounts of Bence Jones 
protem were found in the unne The pathological diagnosis of myeloma 
was made from sections of bone removed at biopsy Results are given 
in Table II 
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The excretion of calaum and phosphorus m both unne and feces was 
ithin the normal range for adult patients on a low calcium diet (6) It 
IS notable that in spite of wide-spread involvement of bone there was no 
increased excretion of calaum Due to a very low unnary calcium ex- 
cretion, the negative balance was actually less than that of the average 
normal adult. From the clinical point of view also the disease appeared 
to be relatively stationary 


Focal osletlts fibrosa 

Case IV ‘ (Miss R ), aged 34, waght S3 kilos, had been well up to three 
years ago, hen a fracture of the nght femur occurred at the site of a large 
cyst. At open operation the cyst wall was curetted, follow mg which 
firm bony union occurred The report of histological examination of the 
curettings descnbed ‘ a cell nch fibrous tissue contammg bone trabeculae 
wath areas of hemorrhage and blood pigment The histological appear- 
ances are those of osteitis fibrosa ” In 1928 she began to suffer severe 
shooting pain m the nght ankle X-ray examination revealed a large 
cyst in the lower end of the nght tibia and another m the nght pubis, 
but the rest of the skeleton appeared to be normal The cyst in the tibia 
was opened and its wall curetted The pathological examination re- 
vealed a similar picture to that previously reported 

Before operation she was given a low calaum diet for nine days In 
Table II are presented results of the calaum and phosphorus determina- 
tions 

The exaetion of calcium and phosphorus was withm normal limits 
and the blood serum values were normal On a higher calaum mtake 
part of this calaum was retained as in normal mdividuals The normal 
calaum metabolism in this case of focal ostabs fibrosa is m stnkmg con 
trast with that of cases of generalized "ostatis fibrosa cystica" (hyper- 
parathyroidism) (I) m which the serum calaum is high and calaum ex- 
cretion greatly increased There is an equally great contrast in the clm- 
ical picture of the two conditions 

Fragthlas osstum 

Case V (May T ), age 14, waghmg 25 lalos, had a typical history of 
fragilitas ossium One femur had been broken at birth and x ray exam- 
ination the next day also showed healed fractures of both femora There 
had been repeated fractures from the shghtest trauma in early years 
When she was 4 years old attention was drawn to the fact that her trunk 
was unusually short and this has become progressively more marked smce 
that time Her diet, as descnbed, had been adequate in both calaum and 
vitamm D On admission she presented a very unusual appearance 

' After this article had gone to press aimilar findings were reported by 
Donald Hunter, Hyperparathyroidism Generahzed Osteins Fibrosa Bnt. 
J Surg , 1931-32, n*, 203 
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w 1 th great deformity due to the shortness of the trunk, which exhibited a 
broad hy^photic cur\^e and a gross scoliosis The head i\as large and the 
upper extremities appeared normal, but there v,as extreme deformit^^ of 
the lower limbs \\hich had suffered repeated fractures Apart from the 
skeletal changes no abnormalities w'ere found 

On x-ray examination all the bones showed increased radiability with 
coarse irregular trabeculation and thin cortex The findings, according 
to Dr George Holmes, were those of osteomalacia 

The calcium excretion on a low calcium diet was within the limits of 
normal, although the urinary calcium was probably a little higher than 
in most children of her age Serum calcium was normal and serum phos- 
phorus slightly above the usual level for children More than three years 
since this observation her bones remained unchanged, as judged by x-ray 
photographs, m spite of ample calcium and vitamines in her diet 

Osleoschrosis {marble bone disease) 

Case VI (Mrs H B ), P B B H No 67748, age 41, weighing 63 7 
kilos, complained that for eight months she had dull pain in the back of 
the neck and shoulders wuth limitation of motion Her previous history 
w'as interesting A very sei’ere diabetes started ten years ago with dia- 
betic coma relieved by insulin eight years ago The removal of an 
adenoma of the thjToid four years ago greatly improved the diabetes 
and also relieved attacks of cardiac palpitation X-rays of nearly the 
w'hole skeleton disclosed a marked osteosclerosis which had not obviously 
increased in the past four years All the bones except the nbs w'ere un- 
usually dense and rather structureless m appearance but wuth very thick 
cortices There w'ere no areas of decreased density as seen m Paget's 
disease Four other members of the immediate family had similar find- 
ings bj' x-ray examination 


TABLE ui 

Osteosderosts Case VI {Mrs H B) 
{Inlahe and ojitput in 3-day periods) 


Period 

j Calcium 

j Eicretion 

Intake ' 

Balance 

1 

Onne 1 

1 

Feces 

Total 

(i cfo>j) 

p-arrs 

grems 1 

gremj 

grams 

grams 

2 

19 

06 1 

25 

20 


3 

20 

13 

33 

20 

\ -13 

4 

20 

19 

39 

20 

- 19 

5 1 

1 

15 

IS 

33 

20 

- 13 


Blood snuir values 

Calaum — S mgm per 100 cc , 10 mgrn per 100 cc.. Phosphorus — 3 2 mgm per 100 
cc 3 2 mpm per 100 cc., Total protein — S 0 grams per 100 cc , Albumin — 5 6 grams per 
100 cc., Globulin — 2 4 grams per 100 cc. 
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Extensive laboratorj studies disclosed no vanation from the normal, 
except a slight ele^'atlon of sugar m the blood A study of the calaum 
exchange is shown m Table III The findings are not abnormal except 
possibly a diminution in fecal calcium excretion This is of less signifi- 
cance considering her basal metabolic rate of — 19 per cent Therefore, 
further studies of phosphorus and nitrogen balance were not made in this 
case 

OsleochondriUs deformans juvenihs {Legg’s disease) 

Case VII (Robert W*), M G H No 279602, age 10, weighing 25 5 
kilos, was an adopted child Birth was tw'o months premature His 
childhood had been characterized by a limping gait and an avoidance of 
such activity as walking upstairs These signs had become progressively 
more marked He had lived upon a vegetarian diet all his life Physical 
examination disclosed a short, stocky, well nounshed boy with nothmg 
abnormal to be found except in his skeleton There was normal, free 
movement of all his jomts The nght leg was shorter and smaller than 
the left with slight atrophy of the muscles The x-rays, taken at the 
Boston Children s Hospital, included all the bones in the body They 
showed a wide spread disturbance practically limited to the epiphyses 
This disturbance was characterized by delayed development, mushroom- 
ing of the weight-beanng epiphyses, and increased density of the bone 
along the epiphyseal margins In some areas, particularly the spine and 
pelvis, this had resulted in absence of parts of the bone The diagnosis 
of generalized osteochondritis deformans ivas made by all the many 
physicians w ho saw him 

Prolonged metabolic studies were undertaken with both a low and a 
high calcium diet, with the addition of parathormone and cod liver oil 
These results are difficult to interpret because there are practically no 
data of the normal excretion of calcium at this age penod When com- 
pared to other growing children the unnary calaum excretion is slightly 
elevated This is particularly true, for his diet was essentially neutral 
throughout the whole observation In spite of the abnormality of most 
of his epiphyses he had no difficulty in stonng calaum at a rapid rate. 

The abnormality of this boy s metabolism was m the phosphorus ex- 
cretion This was distinctly above the theoretical value to be derived 
from the calaum and nitrogen balances (see Paper IV (7)) for the first 
nme penods Thereafter, more phosphorus was retamed than could be 
theoretically explained This change appeared before cod liver oil was 
given and followed the distinct elevation m plasma calaum produced by 
parathormone 

The nitrogen excretion and the blood findings are not abnormal for 
a growing boy The results of these studies are given m Table IV and 
Figures 1 and 2 


Referred by Dr Robert Osgood 




TABLE IV 

O'ilcochondnhs deformans juvcnths Case VII (Robert W) 

Intake and output m j day periods 
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Period No 2 4 6 3 10 12 14 

Fic 1 CALauM Metabolism in Case VII 


rathormone 


Balance 


2J4 


C^LCIU^r AN'D rnOSPHORUS IV RONE DISEVSC 



Period No Z 4 6 8 10 IZ: M 

Fig 2 Phosphorgs Metabolism in Case VII 




Units of Parathormone 
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B OTHER ilCTABOLIC DISEASES 
Gout 

Case VIII (H H \ age 22, weighing 49 kilos, had suffered from re 
cumng attacks of gout for five years Many joints were involved and 
finally he became a complete invalid There were numerous tophi m ears, 
fingers, and toes Both olecranon bursae were involved The meta- 
carpophalangeal and interphalangeal joints of both hands were swollen 
and the interossei muscles were atrophic There was great thickening of 
the common tendon sheath of the right palm The prepatellar bursa was 
similarly affected There was very marked swellmg of the joints of the 
ankles and feet on both sides with preternatural mobility of the great toes 
From an open sinus on the right great toe a chalky matenal made up of 
crystals of sodium biurate could be easily expressed X-ray plates 
showed complete destruction of the articular surfaces of both first meta- 
tarsophalangeal joints with extensive destruction of the adjoinmg bones 
There was a varying degree of destruction of the jomts of the hands 
The blood unc aad was 10 3 mgm on one occasion and 12 4 mgm ,on 
another Results of studies of calaum and phosphorus metabolism are 
given m Table V 


TABLE V 

Gout Cate VIII (H B ) 
(Intake and output in 3-day penodt) 




Calcium 



Pbospbonu 


1 Nltrocen 

1 Senim 

Period j 










1 



Urine 

Fecci 

IntaLe 

Balance 

Urine 

Fece« 

Intake^ 

Balance 


H 

Ca 

Protein 



1 

gramu 

gramr 

gramj ■ 

framj 

grsmj 

1 

gram] 

gram] 

gram] 

gram] 

1 

grawu 

rngm ptr 
100 u. 

gram] 

per 100 












(C, 

1 

09 

34 

29 

- 14 

1 21 

52 

1 31 

- 42 

22 4 

25 0 

9 7 

7 43 

2 

16 

56 

J.9 

- 43 

1 23 

i 71 

1 82 

- 12 

19 6 

25 0 



3 

06 

37 

17 

- 26 


i « 

97 

- 57 

16 0 

12 6 



4 

m 


1 54 

-)-41 


B9 

RSI 

- 09 

178 

18 9 



5 1 

05 

1 15 

1 63 

+ 43 


jgn 

1 268 

+ 27 

1 nj 

29 6 



6 

09 

85 

1 66 

1-73 



1 2 45 

28 

1 19 0 

29 8 




On a low calaum diet the calaum metabolism was essentially normal 
When the calaum intake was mcreased five fold there was, as m Cases I 
and IX, no mcrease m the urmary calaum, although the fecal output 
increased considerably On this diet, calaum was retamed m the 
body 

Chrome liepaMts with jaundice 

It has been shown that m expenmentol obstructive jaundice the serum 
calaum may be low (8) In animals with a bile fistula Whipple (9) noted 
that the bones became thm and spontaneous fractures occurred It 
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seemed ■worth ■while to study the calcium and phosphorus metabolism 
of a case of chronic hepatitis ith jaundice 

Case IX (P N ), a patient of Dr Chester Jones, age 35, weighing 51 
kilos, had suffered from chronic hepatitis ^Mth jaundice (biliary cirrhosis) 
for 1 1/2 years The jaundice ran an undulant course, gradually becom- 
ing orse She w as moderately jaundiced, thin, and looked weak and ill 
The liver iras grossly enlarged, extending as far as the umbilicus, and the 
spleen was readily palpable There was no ascites or edema Serum 
bilirubin was 7 to 8 mgm per 100 cc , bile pigments were present m the 
urine, and serum protein and blood nonprotein nitrogen were normal 
Results are presented in Table VI 


TABLE W 

Chronic hepatilis tenth jaundice Case IX (P N ) 
(Intake and output tn 3-day periods) 




Caldum 

1 


Phosphorus 


Serum 












1 

Urine 

Feces 

IntaVe 

Balance 




Balance 

Ca 

P 

(S dass) 

srams 

B 

fframj 

Srami 

1 fframi 

srams 

grams 

grar« 

1 mgm per 
too cc 

mgm per 
lOOcc 

1 

17 

Hi 

39 

- 29 

107 

57 


15 

85 

33 

2 

10 

Bn 

37 

- 39 

1 20 

54 


14 

98 

35 

3 

12 

Ba 

3 41 

- 66 

1 1 19 

1 01 


1 



4 

14 

2 42 

3 15 

-f 59 

1 1 52 

1 17 

1 


I 38 

1 

89 

36 


The serum calcium on two of three occasions i\as slightly below nor- 
mal Excretion in stool and urine w<is within normal limits The change 
to a high calcium diet, as in Case I, had no appreaable effect on the urine 
calcium but was associated with an increase in the fecal calcium and 
phosphorus 

Osteomalacia 

Since this paper was wntten, a further tjpe of bone abnormality has been 
studied — ostcomalaaa due to a dietarv' defiaency in calcium 

Mrs L H , P B B H No 39821 (Medical), aged 64, weighing 63 5 kilos, 
had largely a^olded milk and green \egetablcs in her diet Six years ago she 
had E\mptoms suggesting arthntis of the spine Five years ago she had a 
slight fall and fractured two thoraac x ertebrae Convalescence has been x ery 
•slow and she is still weanng a supporUng cast. Except for her bones, her 
phxEical examination was not abnormal for a woman of her age X-rays of 
her whole skeleton disclosed marked generalized decalafication The thoraac 
and lumbar spine also showed collapse of the central portions of the bodies and 
apparent marked expansion of the intern ertebral discs Sev eral of the x ertebrae 
in the mid-thoraac region showed marked collapse suggesting spontaneous 

Laboratory data The Wassermann was negatixe and the unne, feces, basal 
metabolic rate, blood urea nitrogen, blood sugar, and blood morphology were all 
wTthin normal limits There was no excess of fat or fatty aads in the feces 
The blood serum calaum lex el was 9 8 mgm and 10 6 mgm per 100 cc. The 
serum phosphorus was found to be 4 0 and 4 8 mgm per 100 cc 
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Mrs L H as^d 64, vshitc, female 
{Inlake and output per 3-day period) 


Calcium 


Period 

I Excretion 

Intake 

Balance 

Urine 

Fecca 

Total 


trttms 

tramt 

fro nr 

trams 


1 

29 

50 

70 

M 


' 1 

40 , 

40 

SO 

28 , 


1 

3 

1 11 

2 16 

3 27 

SJ6 

2 29 

4 

1 03 

2 55 

3 58 

6 00 

2 42 


These data disclose normal blood \alues and a normal calauro excretion 
When a diet with a moderate amount of calaum was given to her, a large 
proportion of this added calaum was retained It is interesting that the 
orgamsm can maintain normal blood levela and normal calaum excretion even 
with such marked decaladcation of the bones 

DISCUSSION 

The changes in deposition or removal of bone salts probably occur 
so slowly that the vanation from normal cannot be observed by our 
methods in relatively short observations The observations here re- 
ported do show, however, that there is nothing grossly abnormal in the 
blood level or in the excretion of calaum or phosphorus The reason 
for this may well he in the large amount of calaum readily available for 
utilization in braes of need, such as occurs on our diet inadequate m cal- 
aum This storehouse m the trabeculae, described by Bauer, Aub and 
Albnght (10), apparently exists m all the diseases here studied, and is 
available for the liberabon or storage of calaum The method determin- 
ing calaum exchange, therefore, does not necessarily disclose abnormal- 
ibes which might be occurring m one part of the skeleton, as there is this 
compensatory mechanism sbll present in other bones Calaum and 
phosphorus may well be liberated from one part and deposited m another 
portion of bone It is, therefore, not surprising that m this senes of 
pabents suflfenng from various types of bone diseases or chronic jaundice 
the vanabons from normal in calaum and phosphorus excrebons are 
relabv ely shght 
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INTRAVENOUS INJECTIONS 

A Study of the Cojifosition of the Blood During Continuous 
Traujla. to the Intestines When No Fluid is Injected and 
When Fluid is Injected Continuously 

Bv J W BEARD iuro ALFRED BLALOCK 
(From Ike Department of Surtery Vanderbilt Vnmrstly, Nashville) 

(Reccn’cd for publication September 3, 1931) 

It is well known that the volume of arculating blood is reduced m 
shock. If the reduction is so great that the loss cannot be compensated 
for by further vasoconstnction, a decline m the artenal blood pressure 
results There are two methods by which the blood pressure may be 
raised First, drugs that cause the artenoles to constnet may be mjected 
The pressure in the larger arteries rises but the effect on the blood supply 
to an organ may be decreased by the constnction of the artenoles in that 
organ Since an increase m the supply of blood to the tissues and not a 
high blood pressure is the pnmary object in view, the use of vasocon- 
stnetor drugs is usually unsatisfactory Second, fluids may be mjected 
intravenously m an effort to increase both the blood volume and the 
blood pressure 

Solutions of widely varied physical and chemical charactenstics have 
been used m the treatment of shock. The results obtained by the 
intravenous administration of fluids, other than whole blood or possibly 
gum acaaa, have not been encouraging Cannon (1) states, “AH the 
evidence, both clmical and expenmental, indicates that the mtravenous 
mjection of normal salt solution or Rmger’s solution has only a temporary 
effect. The injected fluid promptly passes mto the tissue spaces and 
withm a bnef penod the pressure is as low as before, if not lower ” The 
rapid loss of solutions of crystalloids from the blood stream explams the 
transitory beneficial effects of the mjection but does not explam why the 
condition of the patient should often be worse shortly after the adrmms- 
tration of fluid than it was before The experiments desenbed m this 
paper were undertaken for the purpose of finding an explimation for this 
observation The studies have been extended to a comparison of the 
effects of the administration of various fluids that are commonly used in 
the treatment of shock 

The studies consisted m the mam of repeated determmations of the 
amount and composition of the plasma m the blood stream under the 
various conditions Alterations in the content m protem of the blood 
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serum will be particularly emphasized Trauma to the intestines w^as 
chosen as the method of producing shock because the trauma could be 
continuous and fluid could be recovered from the peritoneal cavity as 
frequently as desired for study 


IMETHOD 

Dogs were used in all e\penments They were profoundly anesthetized by 
sodium barbital (0 3 gram per kilogram of body w^cight administered in- 
tra\enouslv) and ga\e no e\adence of pain during the e\penments, at the com- 
pletion of w hich they w'ere killed After making a long midline abdominal 
incision, the intestines were traumatized (2) by passing them continuously 
betw'een the fingers The trauma resulted in a copious w'eeping of fluid from 
the pentoneal surfaces The intestines were not wnthdrawm from the peritoneal 
caMty during the traumatization and the fluid that accumulated there was 
collected frequently for study 

The blood pressure was determined by placing in the carotid artery a can- 
nula that was connected to a mercury manometer Blood for the various 
analyses w'as wathdrawm from one of the femoral veins and it w’as replaced by 
an equal quantity of blood that w'as obtained from a normal dog Samples of 
blood were obtained before the trauma was begun and at approximately one 
and one-half hour inteiw'als thereafter until the blood pressure had declined to 
a low le\el with the exception of expenment T 17 Unne was collected, at 
the same time that the samples of blood w^ere withdrawm, through a catheter 
that was placed in the bladder The animal was kept warm by the use of a 
heating pan 

The nitrogen content of the blood serum, the pentoneal fluid and the unne 
was determined In the studies on the blood serum and the pentoneal fluid, 
the nitrogen w^as partitioned in most of the expenments The nonprotein 
nitrogen w’as estimated by the method of Folin and Wu (3) except in those 
expenments in W'hich the effects of concentrated solutions of glucose or gum 
acaaa were being studied, in these the macro-Kjeldahl method was used 
Albumin and globulin were separated by the use of 22 2 per cent sodium sul- 
phate as recommended b> Howe (4) Two cc samples of serum and fluid w'ere 
analyzed instead of 0 5 cc samples and the dilutions mth the sodium sulphate 
solutions were proportionately the same Fifty of the resulting 62 cc w’ere 
chosen as the aliquot parts The nitrogen of the albumin and of the total 
protein were determined by the Gunning (5) modification of the Kjeldahl 
method The total nitrogen of the unne was also determined b> this method 
In all the tables the nitrogen is expressed as protein 

Van Allen tubes were used in the hematoent determinations The method 
of Cohen and Snuth (6) was employed for the estimation of the hemoglobin 
The initial blood \olume of the animal was assumed to be 10 per cent of the 
bod\ weight and on this basis the ongina! \olumes of red blood cells and plasma 
were calculated by the use of the hematoent readings In some expenments 
both hemoglobin and hematoent determinations were performed, while in 
others the hemoglobin was not determined If the hemoglobin and red blood 
cell count were both determined, the alterations in the total blood volume were 
assumed to ^an in an m\erEe ratio to the changes in the percentage of hemo- 
globin Ha\’ing determined the alterauon in the total blood \olume, the 
\olumes of red blood cells and plasma were calculated from the hematoent 
readings When onlj hematoent determinations were performed, it v as 
assumed that the ^olume of red blood cells remained constant throughout 
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the cxpenments and the alterations in the volume of plasma were computed 
from the changes in hematocrit readings The figures for the entire amount of 
protein were obtained by multiplying the percentage of protein per umt volume 
of serum by the total amount of plasma No attempt was made to determine 
the alterations in the blood \ olume and in the entire amount of protein in the 
expenments in which the whole blood was injected It is realized that the 
methods of calculation are only relatively accurate The main error is intro 
duced by the fact that the \ olume of red blood cells did not remain constant 
since some red blood cells escaped with the plasma into the peritoneal cavity 
and others accumulated in the traumatized area 

In the expenments in which fluid was introduced intravenously, it was 
injected at body temperature at a constant rate into either the external jugular 
or femoral vein The amount of fluid that was given was approximately 10 cc 
per hilogram of body weight per hour The following fluids were used in the 
different expenments (1) 0 9 per cent salt solution (2) 3 0 per cent salt solution, 
(3) 6 0 per cent glucose, (4) 20 per cent glucose (5) 6 0 per cent gum acaaa, (6) 
Evans' solution of 6 0 per cent gum acaaa and 20 per cent glucose in 0 9 per 
cent salt solution (7) blood serum and (8) whole blood 

In most of the expenments in which fluid was injected the water content 
of the blood and of skeletal muscle was determined by drying the tissue at 105° C 
to a constant weight Blood was collected from the femoral vein Skeletal 
muscle was obtained from the pectoral and one of the flexor muscles of the 
thigh at the beginmng of the expenments and from symmetncal sites on the 
opposite side of the body at the completion 

RESULTS 

I CONTINUOUS TRAUitA TO THE INTESTINES NO FLUID INJECTED 

'V\Tien the intestines were traumatized continuously the animals 
usually lived six or seven hours The decline in blood pressure was more 
rapid totvards the end of the expenment than at the begmning The 
hematocrit determinations showed a progressive increase m the propor- 
tion of red blood cells to plasma throughout the expenments The 
calculated volume of plasma decreased until at the completion of the 
expenments it was approximately one half of its ongmal value. The 
calculated total protein content of the blood serum remained approxi- 
mately the same throughout the expenments and the corresponding 
flmd from the pentoneal cavity on analysis showed a content in protein 
very nearly the same as that of the serum The percentages of albumin 
and of globulin m the blood serum were altered very little dunng the 
course of the expenments The content m alburmn of the pentoneal 
fluid was greater thim that of the blood serum, whereas the content m 
globulm of the pentoneal fluid was usually less than that of the serum 
Smee the volume of plasma was greatly diminished, the absolute amounts 
of total protein, albumm and globulin m the blood stream were consider- 
ably reduced 

The results of three typical expenments are given in Table I 



TABLE I 

The effects of continuous intestinal trauma No fluid injected 
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n CONTINUOUS TRAUMA TO THE INTESTINES CONTINUOUS INJECTION 

OF FLUID 

The amounts of fluid mjected into the veins of each of the animals 
in these expenments were excessive However, detemunabons were 
performed frequently dunng the expenments and the efliects of small as 
well as large amounts of fluid are to be seen m the results in the tables 
The average survival penod of the animals m these expenments was 
approximately the same as that m the expenments in which the intestines 
V ere traumatmed and no fluid was introduced The type of fluid that 
was injected m these expenments did not seem to alter considerably the 
length of hfe of the animals The longest survival penod was encountered 
m dog T 17 in which the intestines were traumatized and whole blood 
was mjected for seven and one half hours At the end of this tune the 
blood pressure was essentially normal, but the animal died three hours 
later The alterations in the percentage of hemoglobm paralleled fairly 
closely the changes in the hematocnt readings In many expenments a 
dilution of the blood occurred just before death In all expenments in 
which tile nitrogen of the control speamen of unne was determmed as well 
as that obtained later, it was found that the unne collected dunng the 
control penod had the higher total protein equivalent In most of the 
expenments the amount of mtrogen that was lost m the unne was very 
small In all of these expenments the mtestmes were traumatized con- 
tmuously 

The effects of the different solutions employed were bnefly as follows 
The detailed results of one ex-penment m each group are given m Table II 
Because of lack of space, the others are not included 

1 The injection of 0 9 per cent salt solution 

Four expenments of this type were performed Associated with 
the trauma and the injection of large amounts of salt solubon there was 
an mcrease in the proporbon of red blood cells to plasma in all of the ex- 
penments The calculated total volume of blood plasma decreased 
The percentage of protem per umt volume of serum decreased markedly 
m all experiments except T 48, m which there was very httle alterabon 
The calculated enbre amount of protein in the blood stream at the com- 
plebon of the expenments was approximately one-half of the ongmal 
values There was a decrease m the concentrabon of albumm and 
globuhn The content in albumm of the pentoneal flmd was greater 
than that of the blood serum while the globulm content of the serum was 
greater than that of the flmd 

2 The injection of 3 0 per cent salt solution 

In three of the four expenments, the mjecbon of 3 0 per cent salt 
solubon while the mtestmes were bemg traumabzed was associated with 
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an increase m the concentration of red blood cells The calculated vol- 
ume of plasma decreased m three of the four expenments In all expen- 
ments there was a decrease in the percentage of total protein, of albumin 
and of globulin with a diminution m the calculated entire amount of each 
in the blood stream The content m albumm of the pentoneal flmd was 
slightly greater than that of the blood serum, while the globuhn content 
of the serum was greater than that of the fluid 

3 The tnjeciton of 6 0 per cent glucose solution 

In three of the four expenments there was an increase m the propor- 
tion of red blood cells to plasma In one expenment the volume of 
plasma mcreased and in three it decreased In all expenments there was 
a decrease m the percentage and m the calculated entire amount of total 
protem, albumm and globuhn The albumin content of the pentoneal 
fluid was usually greater than that of the blood serum, while the globulm 
content of the serum was greater 

4 The injection of 20 per cent glucose solution 

A concentration of the blood occurred dunng the early part of the 
three expenments Dunng the later stages of two of the expenments, 
a dilution of the blood took place. There was a marked diminution m 
the concentration of total protein, albumin and globulm m all instances 
and the calculated entire amount of each in the blood stream was greatly 
decreased There was a higher percentage of albumm and a lower per- 
centage of globulin in the blood serum than m the pentoneal fluid 

5 The injection of 6 0 per cent gum acacia solution 

If SIX per cent gum acaaa m normal salt solution was injected dunng 
the trauma, there was an increase in the concentration of the blood at the 
end of an hour and a half m two of the three expenments Later obser- 
vabons showed a defimte dilubon of the blood There was a marked 
decrease m the total protein, albumm and globulm per unit volume of 
serum Even though there was an mcrease in the calculated total volume 
of plasma in most of the expenments the total amount of the protem 
consbtuents m the blood abeam was markedly diminished The amount 
of gum acaaa that remained m the arculabon was not determmed 

6 The injection of 6 0 per cent gum acacia and 20 0 per cent glucose inO 9 
per cent normal salt solution 

In all expenments there was a marked dilubon of the red blood cells 
and a large mcrease in the volume of plasma in the blood sbeam The 
percentages of total protein, of albumm, and of globulm per unit volume 
of serum and the calculated entire amounts of each m the blood stream 
were deaeased m all expenments The concenbabon of albumm m the 
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pentoneal fluid Mas greater and the concentration of globulin was less 
than in the blood serum 

7 The 171 jcclioti of blood scrtmi 

E\en though blood serum M'as injected continuously, the concentra- 
tion of red blood cells increased in two of the three experiments The 
content of total protein, of albumin, and of globulin in the blood serum 
remained approximately the same throughout the course of the expen- 
ments In tMO of the three expenments there ivas a decrease in the 
calculated entire amount of protein in the blood stream Since protein 
Mas present in the blood serum that Mas being injected, the true loss of 
protein Mas greater than the apparent loss For example, in experiment 
T 27, the calculated entire amount of protein in the blood stream before 
the trauma Mas instituted Mas 52 grams Five and one-half hours later 
It Mas 34 grams, indicating a loss of 18 grams But during this time 46 
grams of protein had been injected so that the true loss M'as 64 grams 
rather than 18 

S The injccho7i of whole blood 

The concentration of the red blood cells increased tremendously in the 
three expenments in M'hich M^hole blood was injected No attempt was 
made to estimate the alterations in the volume of circulating blood but 
Me can be quite certain that the volume of plasma M'as reduced even 
though Mhole blood A\as injected The concentration of total protein, 
albumin and globulin in the blood serum either remained the same or 
increased slightly dunng the course of the studies The results of these 
expenments differ from those obtained after the injection of blood serum 
There Mas a much more deaded increase m the concentration of the red 
blood cells 

MATER CONTENT OF BLOOD ANT) JIUSCLE 

As has been stated previously, the M'ater contents of blood and of 
skeletal muscles m ere determined in expenments in M'hich the intestines 
Mere traumatized and vanous fluids M'ere injected The effects of intes- 
tinal trauma alone had been determined in previous expenments by 
Hams and Blalock (7) In the expenments in M'hich normal salt solution 
Mas introduced there Mas a slight decrease in the M'ater content of the 
blood In those in Mhich gum acaaa solutions Mere used there Mas a 
definite increase in the m ater content of the blood and m those in m hich 
Mhole blood Mas injected there Mas a rather large decrease The altera- 
tions that Mere found in the expenments in Mhich 3 0 per cent salt solu- 
tion, 6 0 per cent glucose, 20 0 per cent glucose and blood serum Mere in- 
jected Mere negligible In the expenments in Mhich the solution of gum 
acaaa and glucose Mas injected a definite increase in the Mater content of 
muscle Mas found \\Tien 20 0 per cent glucose Mas injected, a slight 
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decrease resulted With these two exceptions the alterations in the water 
content of skeletal muscle were of too small magnitude to be of impor 
tance 

The results of the determinations on the water content of blood and 
muscle in the various expenments are given in Table III 

DISCUSSION 

WTien the intestines are passed continuously between the fingers, a 
copious weeping of fluid from the pentoneal surfaces results In a pre 
vious communication (8) studies of the composition of this fluid were 
reported It was found among other thmgs that the protein content 
of the fluid was approximately the same as that of the blood plasma 
Those studies did not include determinabons of the albumin and globulin 
content of the fluid It has been found m this study that the alburmn 
content of the pentoneal fluid was greater than that of the blood serum 
while the globulin content of the fluid was less than that of blood serum 
WTien fluids were injected contmuously while the intestmes were being 
traumatized, usually this same relationship betw een the blood serum and 
the pentoneal fluid was found It is doubtful if the high percentage of 
albumin in the fluid was due entirely to concentration as a result of 
evaporation Possibly trauma resulted in the loss of some of the pro- 
teins of the fixed tissues into the fluid If it is assumed that the osmotic 
pressure in the capiUanes and in the tissue spaces of the injured intestmes 
were the same, then it is apparent that there would be no force resistmg 
the filtration pressure m the vessels of the damaged area and that large 
amounts of fluid would be expressed 

It IS of particular interest m these expenments that the percentage of 
protein, albumin and globulin per unit volume of serum remained prac 
tically constant throughout the penod m which the mtestmes were trau 
matized and no fluid was mjected and that it decreased considerably m 
most of the expenments in which fluids other than blood and serum were 
introduced A careful review of the hterature did not reveal any expen 
ments closely similar to the present studies White and Elrlanger (9) 
determined in three expenments the effects of the injection of a stronglj 
hypertonic solution of gum acaaa and glucose mto ammals in shock as a 
result of partial occlusion of the infenor vena cava In their expenments 
the injection was not continuous and the effects of only one solution were 
determined In summanang them results, they state, “The blood 
volume, markedly diminished in shock, is mcreased to above its normal 
level by the mjection and then falls to or below its normal level The 
absolute amount of plasma protein is markedly dinunished in shock, is 
mcreased by the mjection and the mcrease continues for some time after 
the mjection It is believed that at least a part of the mcrease m plcisma 
protein followmg the mjection m shock is due to a passage of protein m 
through the vessel walls " 
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TABLE III 


The ejfccls of conhnuoiis tnlcsltnal trauma and the continuous administration of fluids on 
the water content of blood and muscles 


Fluid given 

Time 

! 

Amount 
of fluid 
glten 

1 

Blood 

pressure 

Hemato- 

Water 

Blood 

Pecloial 

muscle 

Thigh 

muscle 

per cent 


u. 

mm lie 


per cent 

per cent 

per cent 

0 9 Saline 

Control 

0 

145 

■sIH 


74 05 

73 15 


CMS' 

1013 

30 

1 

Bal 


75 40 


0 9 Saline 

Control 

0 

156 

51 2 ! 

jRMt 

mm 

74 35 


3° 15' 

488 

48 

53 0 

KB 


74 00 

0 9 Saline 

1 Control 

0 

130 

50 5 i 

77 80 




7“ 30' 

1260 

78 

62 3 



19 

0 9 Saline 

Control 

0 

160 

52 4 

76 40 


68 95 


7“ 

1386 

22 

60 7 

1 


75 25 

67 40 

Average 

Control 


148 

49 65 

78 45 

74 09 

72 75 


Later 


45 

57 63 

76 65 

75 41 

72 05 

3 0 Saline 

Control 

0 

156 



73 35 

91 


6” 50' 

975 

44 

mm 

79 42 

75 60 

HI 

3 0 Saline 

Control 

0 

136 

33 0 


77 18 

75 05 


5° 

750 

30 

30 4 

mm 

78 70 

78 25 

3 0 Saline 

Control 

0 

128 

49 3 

78 90 

77 55 

74 95 

1 

1 

7° 

1148 

0 

54 2 

79 10 

1 

74 30 

74 60 

3 0 Saline 

Control 

0 

160 

53 9 



70 70 


7° 30' 

1095 

105 

61 3 



69 50 

A%eragc 

Control 


IB 

47 0 

78 83 

76 03 



Later 


■9 

49 7 

79 93 

1 

76 30 

191 

6 0 Glucose 

Control 

0 

140 

405 

mm 


63 15 


8" 

1200 

40 

35 0 

H 


67 20 

6 0 Glucose 

Control 

0 

100 

33 2 

83 30 

78 30 

75 58 


4° 

600 

35 

37 5 

83 05 

76 58 

76 62 

6 0 Glucose ' 

Control 

0 

130 

BEi 

80 95 


73 55 


6" 40' 

707 

21 

mm 

83 00 

IbIiI 

75 00 

6 0 Glucose 

Control 

0 

152 

454 


76 40 

74 80 


70 

896 

100 

54 0 

IQylj 

75 00 


A\eragc 

Control 


131 

40 2 

81 06 

mm 

71 77 


Later 


49 

41 1 

82 11 


73 13 

20 0 Glucose 

Control 

0 

130 

43 2 

78 90 


72 65 


7° 30' 

1125 

40 

59 0 

75 45 

IB 

72 60 

20 0 Glucose 

Control 

0 

164 

44 5 

79 00 

75 62 

73 88 


7" 15' 

loss 

0 

35 5 

81 75 

74 30 

72 10 

20 0 Glucose 

Control 

0 

130 

48 8 

78 25 

75^5 

74 60 


7° 30' 

848 

! 

1 

36 8 

SOJO 

liym 

69 65 
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TABLE III (amltnuei) 


Fluid giren 

Time 

Aznoont 
of flaw 
given 

Blood 

prciiure 

Hemato- 

crit 

Wster 

Blood 

Pectoral 

muscle 

Thigh 

tnusde 

ptr ctni 


u. 

mm Bt 


iKT ernt 

per cent 

Per uni 

Average 

Control 


141 

■aH 

78 72 


73 71 


Later 


34 

IB 

79 17 

72.90 

7145 

6 0 Acaaa 

Control 

0 

124 

408 

80 90 

78 25 

77.25 


6" 20' 

950 

SO 

33 0 

83 30 

78 30 

77 62 

6 0 Acacia 

Control 

0 

150 

39 8 

80 10 

75A5 

70.30 


5” 15' 

788 

0 

36 0 

82 70 

76 60 

64 90 

6 0 Acacia 

Control 

0 

140 

38 8 

80 00 

75 80 

74 85 


7° 30 

975 

90 

31 7 

83 80 

77 75 

75 00 

Average 

Control 

jHjH 

138 


80A3 

■HHl 

74 13 


Later 


47 


83 27 

IB 

72J1 

Acacia, glucose saline 

Control 

0 

154 

53 0 

77 70 

75 45 

74 85 


6° IS' 

938 

0 

25 5 

84 00 

71 78 

71 70 

Acacia, glucose &aJtnc| 

Control 

0 

144 

43 0 

79^0 

70 15 

72 00 


SMS' 

1013 

0 

30J 

82 23 

6615 

68 80 

Acada, glucose, aalme 

Control 

■n 


42 8 

mm 

77 60 

73.58 


7«30' 

m 

mm 

30 0 


75 20 

69 90 

Acaaa glucose saline 

Control 

0 

130 

43 0 

79 95 


74 25 


7“ 

742 

63 

33 3 

82 45 


70 60 

Average 

Control 


145 

45J 

79 48 

74 60 

73 67 


Later 


25 

29 8 

83A6 

72 16 

70JS 

Blood plasma 

Control 

0 

160 

43 7 

79 10 

77 40 

74 40 


5° 35' 

838 

IS 

52 6 

77J0 

1 

76J0 

73 35 

Blood plasma 

Control 

0 

123 

42 2 

80A0 

75 20 

72 40 


5 25' 

444 

73 

40 0 

8105 

75 00 

72 40 

Blood plasma 

Control 

0 

133 

45 1 

79 70 

76.5 

74 20 


4® 45' 

427 

0 

47 0 

79 40 

76 2 

72.50 

Average 

Control 


139 

43 7 

79 77 

76 37 

73 67 


Later 


29 

46 5 

79 32 

75 83 

72 75 

Whole blood 

Control 

0 

146 

39A 

82 20 

70 20 

69 15 


4° S' 

613 

0 

59 0 

77 10 

74 90 

67 30 

Whole b/ood 

Control 

0 

163 

440 



74 85 


7° 35' 

1138 

136 

76 5 

71 10 

75 60 

73 10 

Whole blood 

Control 

’ 0 


47^ 

79 JS 

77 15 

74 80 


6 25' 

412 

m 

67J 

74 50 

75 40 

73 IS 

Average 

Control 



i2S 

80 28 

74 48 

1233 


Later 

■ 

El 

67 7 

74^ 

75J0 

71 18 
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BLOOD CHxVNGES WITH INTESTINAL TILVUWA 


It IS rather surpnsing m the CNperiments m uhich solutions of salt or of 
glucose w ere injected and in \\hich there was a decrease in the amount of 
total protein, albumin and globulin per unit volume of serum that there 
^\as usually at the same time a decrease m the volume of plasma m the 
blood stream The smallest alterations m the plasma volume were asso- 
aated m ith the giving of 20 per cent glucose solution Since the plasma 
volume was usually reduced, the decrease in the percentage of protein 
was not due to simple dilution by the injected fluid As both the per- 
centage of protein and the volume of plasma v ere usually both reduced, 
the entire amount of protein in the blood stream was greatly diminished 
In the experiments in which the six per cent gum acacia or the gum 
acacia-glucose solutions were injected, the findings were different in that 
they ere usually assoaated with an increase in the plasma volume and 
the decrease in the percentage of protein was greater than that usually 
found if salt or glucose solutions Avere used The gum acacia-glucose 
solution produced a greater increase in the volume of plasma than did the 
SIX per cent gum acaaa Even though the plasma volume was greatly 
increased in some of these experiments, there was always a decrease in 
the entire amount of protein The nitrogen content of the gum acacia 
that was used was found to be negligible The values for protein in these 
expenments are misleading in that they do not giA’^e a true estimate of the 
osmotic pressure that the serum was capable of exerting since six per cent 
gum acacia has an osmotic pressure approximately the same as that of 
blood serum The gum acacia that was present m the blood stream at 
any given time v as not determined 

The results obtained in the studies of the effects of the injection of 
blood serum and whole blood differed from the others mainly in that the 
concentration of protein in the serum of the blood stream did not decrease 
In two of the three expenments m w'hich blood serum was introduced 
there was a decrease in the plasma volume and in the entire amount of 
serum protein, although enormous amounts of serum had been injected 
In the expenments in w'hich whole blood was administered, there w'as a 
tremendous increase in the concentration of the red blood cells and 
probably a decrease in the plasma volume 

It has been knowm for a long time that solutions of crj^stalloids leave 
the blood stream shortly after haAnng been injected That the injection 
of these solutions in the presence of gross capillary injury following trauma 
A\ ould result in a great decrease in the protein content of the blood plasma 
as well as in the \olume of plasma has not been appreciated Since the 
osmotic pressure in the Aessels is maintained largely by the protein, the 
significance of the alterations is apparent If the blood pressure and the 
plasma \ olume w ere the same in ts\ o animals one of w hich had and one of 
which had not receiied injections of solutions of crystalloids in large 
quantities, it is belie\ed that the chances of recmery would be greater m 
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the animal that had not received the fluid since the protein content of 
the serum would not be decreased This point could not be determined 
in these expenments as all of the animals died as a result of the long dura 
Don of the trauma and the depth of the anesthesia Very little if any 
difference in the rapidity of the fall of the blood pressure was observed in 
the expenments on intestinal trauma alone and those in which both 
trauma and the injection of fluid were earned out Perhaps the survived 
penod of the latter group was a little longer but the difference was not 
great In an animal in which the intestmes had been traumatized for a 
long penod, if the injection of crystalloid soluDons was stopped, we have 
the distinct impression that the blood pressure declined more rapidly 
than in an animal in a simdar condition in which no flmd had been intro- 
duced We do not mean to imply if a patient is in shock as the result of 
an injury and no donor is obtainable that salme or similar solutions should 
not be injected However, in the absence of a favorable response in the 
blood pressure after a considerable amount of solubon had been injected, 
almost certainly the further admimstration of the same fluid intraven- 
ously would diminish the chances of recovery 

As has been stated previousl> , the total quantity of fluid injected in 
most of the expenments was quite large but frequent analyses were per 
formed and in this way the effects of small amounts were also determined 
There seems to be a tendency at the present time to use very large quan- 
tities of fluids intravenously in treatmg patients In reporting their 
results with the use of normal salt solution in treating shock, MacFee 
and Baldndge (10) recently stated, "The solution has been given mtra- 
venously in amounts ranging from 2000 cc. to 8000 cc, at a single injec- 
tion " 

The gum acaaa solutions that were mjected presented the distinct 
advantage over the solutions of crystalloids in that they were associated 
with an increase m plasma volume rather than a decrease. It is quite 
true that the protein content of the serum was decreased to a lower value 
m these expenments than in any others, but the functions of the protein 
in maintaining the osmotic pressure of the circulating blood were probably 
taken over at least partially by the gum acaaa which is a colloid and hence 
exerts an osmotic pressure We do not know how much gum acaaa was 
m the arculation at any one time or how long it remained there Con- 
cermng the fate of gum acaaa, Bayliss (11) states, "I have obtained the 
pentose teat in the blood twenty-four hours after mjeebon, but it had 
disapperued m three weeks If eliminated in the unne, the process is very 
slow, smee the unne collected for six hours after mjechon gave no reac- 
bon, even when concentrated ” 

When whole blood was injected continuously while the mtesbnes 
were bemg traumabzed, there was a tremendous increase m the concen 
trabon of the red blood cells This was to be expected smee the loss of 

18 
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red blood cells at the site of the trauma was small as compared with the 
loss of plasma The effects that may result when the blood becomes 
greatly concentrated have been descnbed by Underhill in numerous 
publications 

The injection of blood serum was assoaated with the smallest altera- 
tions in the composition of the blood The percentage of protein per 
unit \ olume of serum and the plasma volume w ere not changed greatly 
in these evpenments There w-as a large loss of protein in the fluid that 
escaped but due to the fact that serum w’as being injected, the lost protein 
of the blood serum w^as replaced 

The greatest part of the fluid that w as lost from the circulation escaped 
through the capillaries of the injured area Determinations of tlie water 
content of skeletal muscle show^ed that it did not escape into them In 
most instances in w'hich 3 0 per cent salt solution w^as injected, the dogs 
passed fluid from the rectum The amount of fluid and of nitrogen that 
escaped m the unne w^as not very great in most of the experiments 
Edema of the lungs W'as noted several times at autopsy 

SUMMARY 

All of the expenments were performed on dogs that were deeply 
anesthetized bj' sodium barbital Shock was produced by continuously 
passing the intestines between the fingers Blood serum and the fluid 
that escaped into the peritoneal cavity w'ere collected frequently for the 
studies 

In the first group of expenments studies w ere performed on the blood 
serum and the pentoneal fluid dunng continuous trauma to the intestines 
No fluid w as administered Among the findings w ere the following (1) 
There w as a great diminution in the volume of plasma in the circulation 
(2) The protein content per unit volume of serum remained approximately 
the same throughout the expenments (3) The total protein content of 
the blood serum and the pentoneal fluid were approximately tlie same in 
all instances (4) The content in albumin of the pentoneal fluid was 
usually greater than that of the blood serum and the content in globulin 
w as less 

In the second group of expenments xanous solutions were injected 
intraxenoush at a constant speed while the intestines were being trau- 
matized The solutions included (1) 0 9 per cent saline, (2) 3 0 per cent 
saline, (3) 6 0 per cent glucose, (4) 20 0 per cent glucose, (5) 6 0 per cent 
gum acaaa, (6) a solution of 6 0 per cent gum acaaa and 20 0 per cent 
glucose m normal saline, (7) blood serum and (8) whole blood Among 
the findings were the followang (1) The total protein content of the 
blood serum and the pentoneal fluid that were collected simultaneously 
was approximateU the same in all expenments (2) The albumin con- 
tent of the pentoneal fluid was usuall> greater than that of the blood 
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serum while the globulin content was less (3) The injection of the solu- 
tions of salt and glucose nas usually associated with a decrease m the 
percentage of protein per unit volume of serum, a diminution of the vol- 
ume of plasma in the arculation and a great decrease in the absolute 
plasma protem (4) When the solutions of gum acaaa were injected, 
there was a decrease in the percentage of protein, an increase in the plasma 
volume and a decrease in the absolute amount of plasma protein (5) 
The injection of blood serum was assoaated usually with comparatively 
small alterations in the percentage of protein, the volume of plasma and 
the absolute amount of plasma protein (6) When whole blood was m- 
jected, there was very little alteraOon in the percentage of protem m the 
blood serum Since there was a tremendous increase m the concentra- 
tion of the blood, there was probably a rather large reducbon m the 
plasma volume and in the absolute amount of plasma protem 
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INTRAVENOUS INJECTIONS 

A Study of the Effects on ttie Composition of the Blood of the 
Injection of Various Fluids into Dogs with Normal 
AND WITH Low Blood Pressures 

By ALFRED BLALOCK J W BEARD and CHARLES THUSS 
{From the Department of Surgery Vanderbilt Unnernty Nashville) 

(Received for publicntlon September 3 1931) 

In a previous study (1) m which the composition of the blood was 
determmed in experiments in which fluid was mjected contmuously while 
the intestines were being traumatized, it tias found that there was a 
great decrease in the protein content as well as m the volume of the blood 
plasma. The object of the e.vpenment3 reported in this paper is to deter- 
mme the effects of the intravenous mjection of fluids on the composition 
of the blood of normal dogs 

After a few experiments had been performed, it was observed that the 
results foiiowmg the injection of the same type of solution were somewhat 
variable For example, in some expenments the concentration of the 
red blood cells increased while m others it decreased In the e-xpenments 
in which the artenal pressure remained normal the results obtamed were 
different from those if the pressure declined, even though the drop was 
only temporary 

We do not know why there was a decline m the blood pressure m many 
of the expenments No trauma was instituted in any of them It seems 
most likely that it was usually caused by the fluid that was being injected 
but this was not always the case as m some experiments the dechne 
appeared before the mtroduction was begun Probably the morphme 
or the barbital that was used as anesthetic caused the dechne m some 
expenments The dosage of these was not great, bemg only sufEaently 
large to maintain the animals quiet and free from pam In many of the 
expenments the decline m pressure appeared almost simultaneously with 
the begiiming of the mtroduction of fluid It frequently returned later 
to its previous normal level Vmcent and Thompson (2) have descnbed 
the effects on the artenal pressure of the injection of salt solution into 
the vems of decerebrate cats They found that the mjection of 10 cc. of 
salt solution m some mstances produced an elevation or a declme m the 
pressure equivalent to as much as 60 mm Hg The temperature of the 
flmd was thought to be the most important factor m deterrmnmg the 
response 
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METHODS 

Dogs were used in all evpcnmcnts Morphine or sodium barbital ^^ns 
used as the anesthetic The results did not seem to be influenced by the 
anesthetic After the animals became quiet a cannula that nas connected to 
a mercury manometer was placed in the carotid arteiy’ in order to determine 
the blood pressure Samples of blood were obtained from the femoral \eins 
The blood \olume was determined at the beginning of most of the experiments 
by the dye method as outlined bv Rowntree, Brown and Roth (3) The blood 
that was withdrawn was replaced in all instances by an equal quantity of blood 
obtained from another dog In most expenments tests were performed in 
order to be sure that the blood of the donor and recipient w ere not incompatible 
Unne was collected through a catheter in the bladder Small pieces of muscle 
were obtained at the beginning and end of some of the experiments for deter- 
minations of the water content 

\\ hen all of the speamens for the control determinations had been obtained, 
fluid was introduced at a constant speed and at body temperature through a 
cannula that had been placed in either the external jugular or the femoral vein 
The fluid w'as usually injected at the rate of 10 cc per kilogram of body weight 
per hour In most of the expenments the duration of the introduction of the 
fluid was four hours, and the xanous samples for the analyses were collected 
one hour, two and one-half hours and four hours after the beginning of the 
injection At one and three hour intcrx'als after the termination of the in- 
jection, more samples were obtained In a few' of the expenments fluid was 
introduced throughout the entire penod of obserx'ation and speamens for the 
analjses were collected at approximately tw'o hour intervals The following 
fluids were used in the difTerent expenments, (1) 0 9 per cent salt solution, (2) 
3 0 per cent salt solution, (3) 6 0 per cent glucose, (4) 20 0 per cent glucose, 
(5) 6 0 per cent gum acaaa, (6) Evans’ solution of 6 0 per cent gum acacia and 
20 per cent glucose in normal saline, (7) blood serum and (8) whole blood 

The hematoent determinations were performed by the use of the Van Allen 
tubes The method of Cohen and Smith (4) was employed for the estimation 
of the hemoglobin The initial blood xolume was determined m most of the 
expenments by the dje method and the x'alues obtained are placed in brackets 
in the tables When not determined the blood xolume was assumed to be ten 
per cent of the body weight and the xolumes of red blood cells and plasma were 
calculated from the hematoent readings The alterations in the w'hole blood, 
red blood cell and plasma xolumes that occurred in the expenments were esti- 
mated in the followang manner WTicn both hemoglobin and hematoent 
readings were obtained, the alterations in the total blood x'olume were assumed 
to xarj in an inxcrse ratio to the changes in the percentage of hemoglobin, 
and from the total blood xolume the quantity of red blood cells was calculated 
from the hematoent readings In the few expenments in which the hemoglobin 
was not determined, it was assumed that the xolume of red blood cells remained 
constant throughout the expenments and alterations in the plasma volume w ere 
computed from the changes in the hematoent readings The xanous deter- 
minations were performed on the blood that was injected to replace that re- 
moxed for the studies Anx difTerenccs between that remoxed and that 
injected were not considered in the xanous calculations This introduced xery 
little error In the expenments in which the eflects of the injection of whole 
blood were studied, the calculations were slightl> more complicated If blood 
IS used, one is adding a fluid that contains red blood cells and conscquentlj the 
changes in the hematoent readings and hemoglobin are not measures of al- 
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terations in the blood volume The calculations were made in the following 
manner From the initial whole blood volume, the succeeding volume was 
calculated by the use of the percentage of hemoglobin as in other expenments 
The actual volume of blood injected was reduced to that volume which would 
represent a blood mth an hematocnt reading the same as the arculating blood 
at the time of the injection The resulting value was then added to the tenta 
tive volume calculated imtially from the hemoglobin changes and the sum was 
considered as the true blood volume. Each succeeding volume was calculated 
not from the control volume but from the one immediately preceding it since 
the hematocnt reading was constantly changing 

The total protein, the albumin and the globulin were determined by the 
same methods used in the experiments descnbed in a previous paper (1) 
The absolute amounts of the protein constituents were obtained by multiplying 
the percentage of each by the plasma volume The water content of blood 
and of muscle was determined by drying them to a constant weight. 

RESULTS 

The results of the experiments with the different solutions that were 
used will be described separately These groups will be subdivided mto 
those m which the blood pressure remamed at approximately the normal 
level throughout the experiments and those m which there was a defimte 
decline in the pressure. Because of lack of space, only one experiment 
of each type will be given in detail in the tables 

I THE EFFECTS OF THE INJECTION OF NORMAL SALT SOLUTION 

A Essenttally normal bhod pressure 

Two expenments of this type were performed Dunng the injection 
of the fluid there was a decrease m the concentration of the red blood 
cells and a durunution of protein per unit volume of blood serum After 
the mjection was termmated, there was a return towards the previous 
control level The volume of plasma mcreased slightly during the in- 
jection and decreased later In one of the expenments at no tune was 
there any appreciable alteration m the absolute amount of protein m the 
circulation In the other a decrease m the entire amount of protem was 
found dunng the last half of the experiment The alterations m the 
albumm and globulin content of the serum paralleled closely those m the 
total protem The results of one of these expenments are given m Table 
I In this and m the succeedmg tables “Injected blood” refers to that 
which was mtroduced in order to replace that withdrawn for the analyses 

B Low blood pressure 

Two expenments of this type were performed The blood pressure 
in each dechned early and never returned to the onginal control level 
Flmd was injected dunng the entire duration of both expenments There 
was an mcrease m the concentration of red blood cells, a decrease in the 
volume of plasma and a great decrease in both the percentage and abso- 
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lute amounts of total protein, albumin and globulin It la interesting 
that almost the entire loss of protein occurred during the first part of the 
experiment at the time that the blood pressure declmed so markedly 
The results of one of these experiments are to be found in Table I 

II THE EFFECTS OF THE INJECTION OF 3 0 PER CENT SALT SOLUTION 
In no experiment in which 3 0 per cent salt solution was mjected did 
the blood pressure remain entirely normal during the whole penod of 
study For this reason the experiments are divided into those in which 
the decline in blood pressure was great and those in which it was not so 
marked In several instances bloody fluid was passed from the rectum 

A Fatrly well siistatned blood pressure 
Four expenments of this type were performed There was a decrease 
in the concentrabon of red blood cells during the injecbon followed by a 
marked increase after the cessation of the injecbon The plasma volume 
increased during the injection and declined markedly later In the two 
instances m which the injections were conbnued throughout the expen- 
ments there was an increase m the hematocnt reading and a decrease m 
the plasma imlume at the conclusion The diminubon m the percentage 
of total protein, albumin and globulin was usually progressive up to the 
bme that the injection was stopped During the early part of the ex- 
penments there was usually very little reducbon m the absolute amount of 
plasma protein but the decline later was usually marked The results of 
one of these expenments are enumerated m Table II 

B More marked decline in blood pressure 
Two expenments were performed The findmgs are similar m most 
respects to those in the preceding group except that the changes were more 
pronounced The loss of protein was greater m experiment T 38 in which 
a very marked decline in blood pressure occurred than in any other ex- 
penment reported in this paper There was not only a large decrease m 
the concenbabon of total protem, albumm and globulin in the serum but 
also a great diminubon in the plasma volume The absolute amount of 
plasma protein was least when the blood pressure was lowest which was 
dunng the early part of the experiment The results of one of these 
expenments are given m Table II 

in THE EFFECTS OF THE INJECTION OF 6 0 PER CENT GLUCOSE SOLUTION 
A Essentially normal blood pressure 
Two expenments of this type were performed In one of these, T 65, 
there was no loss of protem Dunng the mjecbon penod, there was a 
ahght increase in the plasma volume and a slight decrease m the percent- 
age of protein After the mjecbon was termmated the plasma volume 
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* Determined directly by the dje method 

Protocol's T 60 BirbifTl is nnesthctic. Totif amount unne 400 cc with a total protein equivalent of 6 44 grams 

T 38 Morphine is anesthetic. Total amount of unne was 376 cc Passage of a large quantity of fluid from rectum 
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decreased and the percentage of protein increased In tlie second ex- 
periment, T 78, there was a slight loss in the absolute amount of plasma 
protein e\ en though the blood pressure remained at approximately the 
normal control le\el This was encountered in verj"^ few of the experi- 
ments in w hich the blood pressure remained ele\ ated The results of one 
of tliese experiments are given in Table III 

B Dechne in blood pressure 

Two experiments of this type w'ere performed In each there was a 
decline in the blood pressure during the early part of the experiment 
Later the pressure approached but never reached that which w'as found 
in the control studies In one experiment, T 59, there was a slight in- 
crease in the plasma volume, a decrease in the percentage of protein and 
a reduction in the absolute amount of plasma protein In the other 
experiment, T 35, in which the mean blood pressure declined to 70 mm 
Hg simultaneously with the beginning of the injection and remained 
there for a short W’hile, there was a great decrease in the plasma volume, 
percentage of protein and absolute amount of plasma protein The re- 
sults of one of these expenments are given in Table III 

IV THE ErrECTS OF THE INJECTION OF 20 0 PER CENT GLUCOSE SOLUTION 

A Normal blood pressure 

Two experiments of this type were performed The findings m each 
are almost identical The blood pressure remained at approximately the 
same le^ el throughout the experiments There w'as a slight decrease in 
the plasma \ olume and a slight increase in the percentage of total protein, 
albumin and globulin m the serum In one experiment there was a slight 
increase in the absolute amounts of total protein, albumin and globulin m 
the circulation and in the other there was practically no alteration The 
results of one of these experiments are to be seen in Table IV 

B Decline in blood pressure 

There was an earlj decline in the blood pressure in both of the expen- 
ments Dunng the injection there was a slight increase in the volume of 
plasma and a reduction in the percentage and absolute amount of plasma 
protein After the introduction of fluid was terminated the percentage 
of protein m the serum increased but due to the fact that the plasma 
\ olume decreased, the absolute amount of plasma protein m the circula- 
tion did not rise appreciably The results of one of these expenments 
are gis en in Table IV 



TABLE tv 

The effects of the tniravenous tnjedton of 20 per cent glucose solutum 
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* Detennined directly by the dye method 

Protocols. T 66 Morphine as anesthetic. Total amount of unne 900 cc. vath a total protein equivalent of 19J6 grams 
T 61 Barbital as anesthetic. Total unne 66 cc with a total protein equivalent of 1 85 grams 













































TAllLB V 

The effects of the intravenous tnjeetton of 6 per cent gum acacia solution 
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* Determined directly by the dye method 

Protocols T 77, Morphine ^s Tnesthttic Shortly after first injection of fluid, blood pressure declined to a mean of 110 mm Hr but 
rose almost immediately Total urine 260 cc with a total protein equivalent of 7 16 grams 
T 7 V Morphine as anesthetic Shortly before injection of fluid, mean blood pressure declined to 90 mm Hg and remained 
at that level for about IS minutes 
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V THE EFFECTS OF THE INJECTION OF 6 0 PER CENT GUM 
ACACIA SOLUTION 

A Essentially normal blood pressure 

Several attempts were made before we were successful in performmg 
an expenment m which the blood pressure did not decline markedly 
during the early part of the injection of the gum acacia solution Except 
for boiling it, no effort was made to purify this solution In the expen- 
ment that IS reported the mean blood pressure dedmed to 110 mm. Hg 
simultaneously with the beginning of the injection but it rose almost im- 
mediately to its previous level A marked mcrease m the plasma volume 
and a large decrease in the percentage of protem were associated with the 
giving of the gum acacia The absolute amount of plasma protem de- 
creased slightly Followmg the cessation of the mjection the volume of 
plasma did not decrease as was found m most of the experiments in which 
salt and glucose solutions were employed At the end of the expenment 
the absolute amount of plasma protem was slightly greater than at the 
begmnmg The results of this expenment are given m detail m Table V 

B Decline in blood pressure 

Only one complete expenment of this type was performed At the 
end of the first hour of the injection there was a small but definite declme 
m the blood pressure and a decrease m the plasma volume Following 
this the blood pressure rose and the plasma volume became greater than 
It had been dunng the control studies There was a large drop m the 
protem content of the blood plasma and despite the fact that the volume 
of plasma increased, there was a great decrease m the absolute amount of 
plasma protem The results of this expenment are to be seen m Table V 

VI THE EFFECTS OF THE INJECTION OF GUM ACACIA GLUCOSE- 
SALINE SOLUTION 

A Essentially normal blood pressure 

Two experiments of this type were performed There was a great 
mcrease m the plasma volume and a marked decrease m the percentage 
of protem m the serum m both Dunng the early part of the expenments 
there was a small loss m the absolute amount of protem m the circulation 
m one and a small gam m the other Later m one expenment an exces- 
sive amount of fluid was injected and the absolute amount of plasma pro 
tern dimmished markedly The results of one of these expenments are 
given m Table VI 

B Decline in blood pressure 

Two expenments of this type were performed Dunng the injection 
penod in each there was an mcrease in the volume of plasma but the de- 
crease m the percentage of protem was so great that there was a marked 



TAIILE VI 

The effects of the mlravctwus injection of gum acacia-glncosc saline solution 
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decrease m the absolute amount of plasma protem After the mtroduc- 
tion of fluid was terminated the plasma volume decreased, the protem 
content of the serum increased, and the absolute amount of plasma 
protem remained approximately the same as it had been at the time of 
the previous deterrmnation The alterations m the amounts of albumm 
and globulm paralleled those m the total protem In these experiments 
as m many of the others it is interesting that the greatest decrease m the 
amounts of total protein, albumin and globulm took place m the periods 
when the most marked decline m the blood pressure occurred The 
results of one of these expenments are enumerated in Table VI 

VU THE EFFECTS OF THE INJECTION OP BLOOD SERUM 

A Normal blood pressure 

In the one experiment in which blood serum was injected m the pres 
ence of a normal blood pressure there was an mcrease m the plasma vol- 
ume and m the content of total protein, albumm and globulin m the blood 
serum Followmg the termination of the injection the plasma volume 
decreased shghtly and the percentage of protem increased slightly The 
absolute amount of plasma protem in the blood stream progressively 
mcreased during the injection and then decreased very shghtly If one 
subtracts from the absolute amount of plasma protem a figure that rep 
presents the amount of protein that was present m the serum that had 
been mjected, it is to be seen that very little of the protem that was al 
ready m the vessels or that was mtroduced m the serum was lost from the 
blood stream 

The results of this expenment are given m Table VII The figures 
for total protem, albumin and globulm that are placed in parentheses m 
the table indicate the entire amount that would have been present in the 
blood stream had protein not been present m the fluid that was injected 
In other words, the figures m the parentheses were obtamed by subtract- 
ing the amount that was mjected from the amount that was actually 
present. 

B Decline tn blood pressure 

One expenment of this type was performed The declme in the blood 
pressure appeared in the early piart of the expenment and it was not very 
great. However, dunng the first hour of the expenment there was a 
tremendous decrease m the entire amount of protein m the blood stream 
despite the fact that protem was present in the flmd that was being 
mjected This decrease was due to the loss of plasma and not to a 
dimmubon m the percentage of protem Later the plasma volume and 
the absolute amoimt of plasma protein mcreased, but if one makes allow- 
ance for the amount of protein that was mjected, the loss was consider- 
able. The results of this expenment are to be found m Table VII 

19 
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BLOOD CILVXGES -^MTH ISTRWLSOVS ISJCCTIO\S 



Blood injected 6 66 3 79 2 87 518 132 7 

Serum injected 6 66 3 79 2 87 
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WTicre tvo sets of figures are given, those m brackets were obtained b} 
subtracting the amounts of protein that were injected from the quantity 
tfiat was actually present in the blood stream 

ATII THE EFFECTS OF THE INJECTION OF WHIOLE BLOOD 
A Normal blood pressure 

Only one expenment was performed There was an increase in the 
concentration of red blood cells, an increase in the percentage and in the 
absolute amounts of total protein, albumin and globulin in the serum 
If one makes a deduction for the protein that was injected in the serum, 
there was a slight decrease in the absolute amount of plasma protein 
These figures are placed in brackets in Table VIII in which the results 
appear 

B Decline in blood pressure 

In the expenment of this type, the blood pressure declined to a mean 
of 95 mm Hg shortly before the beginning of the introduction of blood 
and it remained at that level for approximately one hour There w'as a 
great increase in the concentration of red blood cells, a diminution in the 
volume of plasma, and a slight increase in the percentage of protein in 
the serum Despite the fact that almost 17 grams of protein were present 
in all of the serum that w^as introduced the absolute amount of plasma 
protein w-as no greater at the end of the injection than during the control 
period The results of this expenment are to be found in Table VIII 

In twenty of the expenments the winter content of skeletal muscle was 
determined at the beginning and end of the studies The results may be 
summanzed bnefly as follows In the expenments in which isotonic solu- 
tions of salt or glucose were injected, there was a slight increase in the 
water content of muscle In those instances m which hypertonic solu- 
tions of salt or glucose were used, there was usually a slight decrease in 
the water content of muscle The injection of the gum acacia-glucose- 
sahne solution was associated with a decrease in the w^ater content of 
muscle The results of these expenments are given in Table IX 

DISCUSSION 

The results of these expenments may be dndded into two rather defi- 
nite groups In those instances in which there was practically no alter- 
ation in ^e blood pressure, there was little or no loss in plasma protein 
WTien solutions of salt or glucose were injected, they were lost from the 
blood stream rapidU and protein was usually not earned wnth them 
WTien solutions containing gum acaaa w ere injected, there w as an increase 
in the plasma \olume due to the fact that a large part of tlie solution 
remained in the blood stream The percentage of protein was decreased 
but the absolute amount of plasma protein remained approximately the 
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TABLE IX 

The ejects of the admtnislmiwn ofjlutdt on the water content of llood and mxisde — no trauma 
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TABLE IX (ccrltrued) 


Fluid Injected 

Eincn- 
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* In evpcnments T 5S, T 59, T 60, T 61, and T 62, the injection of fluid uas 
discontinued after four hours and the samples v.ere obtained three hours later 
In the remaining CApcnments with the exception of T 13 , fluid was injected 
dunng the entire duration of the experiments 

same WTien blood serum or whole blood wus injected, there was prac- 
tically no loss either of the protein that w*as alread> in the blood stream 
or of that which was injected In the other group in which there was a 
temporary or sustained decline in the pressure, the results were quite 
different WTien solutions of salt or glucose were injected, there was a 
loss not onh of a large part of the fluid that was injected but also a loss of 
blood plasma It appeared in these experiments as though the muxture 
of the blood plasma and the injected solution passed through the x essel 
walls in the same composition as it existed in the blood stream It seems 
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that the loss was similar m this respect if gum acaaa, whole blood or blood 
senun were injected The results were different in that gum acacia and 
blood are colloidal solutions and that the portion of the fluid which was 
left m the blood stream exerted an osmotic pressure Although there was 
a decrease in both the percentage and absolute amounts of plasma pro 
tern following the introduction of gum acacia, the latter due to the size of 
Its molecule probably compensated for part of the loss No attempt was 
made to determine the amount of gum acacia in the serum Due to the 
fact that the injected blood serum and whole blood had approximately 
the same content m protein as the plasma in the blood stream, their injec- 
tion was associated with only the decrease in the absolute amount of 
protein and not with a reduction in the concentration of protein 

It has been known for a long time that solutions of crystalloids leave 
the blood stream shortly after having been introduced Most of the 
evidence has indicated that the walls of the blood vessels are normally 
impermeable to the passage of proteins White and Erlanger (5) found 
that the injection of a strongly hypertonic solution of glucose and gum 
acaaa into normal dogs was assoaated with an increase m the plasma 
volume, a decrease m the percentage of plasma protein and very little 
alteration in the absolute amount of plasma protein The blood pressure 
was not determmed in these experiments It is rather generally believed 
that plasma is lost from the blood stream m shock In the preceding 
study It was found that the mtravenous introduction of protein free 
fluids into dogs in which tissues had been injured is associated usually 
with a decrease both in the plasma volume and in the percentage of pro 
tern in the serum The present experiments show that protem may be 
lost from the blood stream without gross injury to tissues As to the 
mechanism of the loss, we can make no definite statements Protem 
may have been lost because of the decline in the arterial pressure or both 
the decline in pressure and the loss of protem may have resulted from a 
common cause It is possible that the passage of red blood cells from the 
spleen into the general circulation caused an mcrease m the concentration 
of red cells m the latter That the spleen was not entirely responsible 
was demonstrated m two cxpenments m which, the spleen was removed 
and normal salt solution was injected after a dechne in blood pressure had 
been produced by the introduction of a small amount of gum acaaa In 
both mstances a concentration of the blood and a marked loss of protein 
was found The results of these experiments are given m Table X. 

The observations on the water content of skeletal muscles showed that 
most of the fluid that left the blood stream did not pass mto them An- 
alyses were not performed on other tissues but it seems likely that the 
greater part of the fluid escaped mto the intrapentoneal structures No 
free flmd was present in the pentoneal cavity m any of the experiments 
In most mstances m which 3 0 per cent salt solution was mjected, ther^ 
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was a passage of fluid from the rectum In several instances, the lungs 
were defimtely edematous 

SUMMARY 

The effects on the composition of the blood of the mjection of various 
solutions was determined in normal dogs and m dogs in which due to the 
anesthetic or unknown reason the blood pressure at some tune dunng the 
experiments declined No trauma was mstituted m any of the expen- 
ments The solubons that were injected in the different experiments 
included (1) 0 9 per cent salt solution, (2) 3 0 per cent salt solubon, (3) 
6 0 per cent glucose, (4) 20 0 per cent glucose, (5) 6 0 per cent gum acaaa, 
(6) 6 0 per cent gum acacia and 20 0 per cent glucose m normal salme, (7) 
blood serum and (8) whole blood The solutions were mjected conbnu- 
ously usually at the rate of 10 cc. per kilogram of body weight per hour 
for four hours Determinabons were performed before, dunng and after 
the complebon of the injections 

Some of the findings are summarized below 

I Experiments m which the blood pressure remamed at essenbally 
the normal level 

(a) The injecbon of solubons of salt or glucose was usually associated 
with a slight increase m the volume of blood plasma, a slight decrease in 
the percentage of protein and very little alterabon m the absolute amount 
of plasma protein in the circulabon 

(b) When solutions containmg gum acacia were injected, there was a 
defimte mcrease in the plasma volume, a rather large decrease in the per- 
centage of protein and very little alterabon m the absolute amount of 
plasma protein 

(c) The mtroducbon of blood serum or whole blood was associated 
with an increase m the plasma volume and m the percentage and absolute 
amounts of plasma protein 

II Experiments m which there was a temporary or well sustamed 
declme in the blood pressure 

{a) The injecbon of solubons of salt or glucose was usually associated 
with a decrease in the volume of plasma, a decrease in the percentage of 
protein and a marked dimmubon m the absolute amount of plasma 
protein 

(5) The mtroducbon of solubons contammg gum acaaa was as 
soaated with very httle alterabon m the plasma volume, a great decrease 
m the percentage of protan and a reducbon m the absolute amount of 
plasma protem 

(c) When whole blood or blood serum was mjected the alterabons m 
the plasma volume were not marked and there was a slight mcrease in 
the percentage of protein If deducbons are made for the protem that 
was present in the whole blood or blood serum that was mjected, a great 
decrease m the absolute amount of plasma protein is found 
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The alterations in the percentage and absolute amounts of albumin 
and globulin paralleled fairly closelj the changes in the total protein 
Removal of the spleen in some expenments did not seem to affect the 
results indicating that the spleen was not in the mam responsible for the 
alterations in the proportion of red blood cells to plasma 
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In previous studies (1, 2) the composition of the blood has been de- 
temimed before, during and after the injection of various fluids intraven- 
ously under normal and abnormal conditions The abnormal conditions 
consisted of some experiments in which a decline m blood pressure was 
produced by trauma to the intestines and others m which probably due 
either to the anesthetic or to the fluid that was mjected intravenously 
there was an early marked declme in the pressure. The results of these 
erpenments led us to further studies on the composition of the blood of 
animals in which a decline m pressure was produced by other methods 
These methods consisted of (1) graded hemorrhages, (2) trauma to an 
extremity, (3) the subcutaneous mjecbon of histamine and (4) spmal 
anesthesia These procedures were chosen because a large number of 
the mstances of low blood pressures in patients are due to similar causes 
Expenments were performed both with and without the introduction of 
fluids mtravenously The fluids that were chosen for study were normal 
salt solution and Evans' gum acaaa-glucose-saline solution These two 
fluids together with others were employed in the previous studies and in 
the present expenments they were used as examples of solutions of crystal- 
loids and of colloids 

METHODS AND RESULTS 

The expenmental animals m all mstances were dogs They were 
anesthetized by morphme except m the expenments m which an extremity 
was traumatized In the latter expenments, sodium barbital, 0 3 gram 
per kilogram of body weight, was administered mtravenously The 
animals gave no evidence of pam and were lolled at the completion of the 
expenments A cannula that was connected to a mercury manometer 
was placed m the carotid artery for the blood pressure deterrmnations 
Samples of blood for the vanous analyses were obtained from the femoral 
vem The blood that was removed was replaced by an equal volume 
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At the beginning of all expenments, speamens of blood nerc re- 
mo\cd for determinations of the hemoglobin, the hematocrit, the blood 
\olume, the total protein, albumin and globulin These studies, except 
for those on the blood \olume, i\cre repeated after intervals of one, Uo 
and one-half, four, fixe and one-half and seven hours Van Allen tubes 
were used for the hematoent determinations The method of Cohen 
and Smith (3) w as emplox ed in determining the percentage of hemoglobin. 
Mtal red x\as used m the estimation of the control blood volume These 
figures are placed in brackets in the tables The changes in the blood 
xolume dunng the course of the expenments were assumed to xarx' in an 
inxcrse ratio to the alterations in the percentage of hemoglobin The 
hematoent readings xxere used in calculating the x'olume of red blood 
cells and plasma The nitrogen determinations on blood scrum and urine 
were performed by the Kjeldahl-Gunning method In the tables, 
nitrogen is expressed as protein The absolute or entire amounts of total 
protein, albumin and globulin xxere obtained by multiplying the percent- 
age of each by the x'olume of plasma 

A decline m blood pressure xxas produced by four different methods 
and for dcscnptix'c purposes tlie expenments are dixnded into four 
groups In each group, studies w ere first performed on the effects of tlie 
procedure xxhen no fluid xxas introduced intrax^enously In subsequent 
studies, fluids xx ere injected at a constant rate dunng the first four hours 
of the experiments The x^olume of fluid introduced equalled 10 cc per 
kilogram of bodj' weight per hour The fluids injected m the different 
expenments w ere normal salt solution and Ex'ans’ solution of 6 0 per cent 
gum acaaa and 20 per cent glucose in normal saline In addition in the 
expenments on histamine, the effects of injecting blood serum xx’cre 
studied also 

The results of all expenments are summarized in the text Due to 
lack of space, the results of only one expenment are given in detail m the 
tables 

I EXPERIMENTS OX THE EFFECTS OF GRADED HEMORRHAGE 

The entire amount of blood that xxas xxithdraxx n equalled 4 0 per cent 
of the bod} weight Its remoxal xxas distnbuted as folloxxs After the 
control determinations had been performed, a xolume of blood equal to 
1 0 per cent of the bodx xx eight xxas remoxed One hour later and txxo 
and one-half hours later just pnor to the xxathdraxxal of samples for the 
analxses, blood equalling 1 5 per cent of the bod} v eight was remoxed 

Since blood w as xx ithdraxx n from the circulation, the calculations were 
somexxhat different from those in most of the other experiments After 
calculating the alterauons in the blood xolume from the original bx the 
use of the hemoglobin and hematoent determinations, deduction xxas 
made for the amount of blood that had been remoxed The absolute 
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amount of plasma protein was obtained by multiplymg the volume of 
plasma by the percentage of protein The sum of this figure and the 
amount of protan that was present in the blood that was removed is 
placed m parentheses in the tables 

A The effects of graded hemorrhages alone on the composition of the blood 
Three expenments were performed m which the effects of graded 
hemorrhage wae studied No fluid was mtroduced In two of the 
expenments, there was a large decline in the artenal pressure The 
alterations in the hemoglobin and hematocnt readings were very small 
and inconstant There i\ae decreases in the volumes of whole blood, 
of plasma and of red blood cells The percentages of total protein, of 
albumin and of globulin decreased very slightly The absolute amounts 
of the protein constituents in the blood plasma decreased However, 
if one includes in these figures the amount of protein that was present m 
the withdrawn blood, it is to be seen in one expenment that there was an 
increase in the absolute amount of protein constituents, in another there 
was no alteration and in the third there was a slight decrease The 
results of one of these expenments are given m Table I 

B The effects of graded hemorrhages and of the uttravenons injection of 
normal salt solution on the composition of the blood 
Three such expenments were performed In two of the three ex- 
penments there was a marked declme m the blood pressure. There was 
a decrease in the hemoglobin and hematocnt readmgs in all expenments 
The volume of plasma declined rather markedly m two of the three ex- 
penments A reduction of the percentages of total protem, albuimn and 
globulin in the blood serum was found The absolute amounts of the 
protein constituents in the blood plasma decreased However, if one 
adds to that m the blood stream the protein that was present m the 
blood that was withdrawn, it is to be seen m two of the expenments 
that there was an increase in the absolute protem The results of one of 
these expenments are to be found m Table I 

C The effects of graded hemorrhages and of the intravenous injection of gum 
acacia glucose saline solution on the composition of the blood 
Only one expenment of this type was performed The blood pres- 
sure did not decline until after the mjection of flmd was stopped There 
was a decrease m the percentage of heraoglobm and m the hematocnt 
readmgs The volume of plasma mcreased dunng the injection of the 
fluid and returned later to the ongmal level There was a marked de- 
crease m the percentages of total protein, albumin and globuhn The 
absolute amounts of the protem constituents m the blood plasma de- 
creased The sum of the protem that remamed m the plasma of the 
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T 102 Total urme 99 cc« with a total protein equivalent of 8 grams Stomach contained 45 cc. of fluid at completion of 
expcnraent 

T 99 Total urine 87 cc. with a total protein equivalent of 9 2 grams Stomach contained 20 cc. of fluid with a total protein 
equivalent of 0.34 gram. 

T 109 Total unne 495 cc. with a total protein equivalent of 10-5 grama. No fluid in stomach or pentoneal cavity at com- 
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l^locxl ctrcnm and that rcmo\cd t;a\e a fitrurc in cxccs*^ of tint obtained 
dunnp the control period The result*: of this c\pcnment -ire puen in 
Table r 

II r\prRiMr\Ts ov tup rrrrcrs oi tr.um\ to an r\TRiMiT\ 

\s has been slated, the animals were deepK ancsthetired bj sodium 
barbital ‘\ftor the control determinations had been performed, one of 
the posterior extremities was traumatired In striking it with a hammer 
In some instances, slight additional trauma was subsequentK nccessarj' 
since the blood pressure did not decline sufficienth as a result of the ini- 
tial injury At the completion of the experiments, the posterior portion of 
the bod\ was dnided into two parts by a metliod prenousK described 
(4) The difference in the weights of the two parts was considered a 
measure of the fluid that was lost from the blood stream into the injured 
area 

The \arious determinations were performed in these experiments as 
in all others that are reported in this paper Howc\er, due to the fact 
that the amount of blood that was lost into the injured area could not 
be determined during the course of the experiments, some of the calcula- 
tions were impossible An attempt was made to calculate the blood 
\olume and the absolute amounts of the protein constituents at the term- 
ination of the expenments It is realiped that the method employed is 
not in an> sense absolute As usual, the control blood ^olume and the 
alterations in the hematoent and hemoglobin readings were used in 
computing the changes in the \olumes of red blood cells, plasma and 
whole blood From the blood ^olume thus obtained, the amount of 
fluid that was lost into the injured area as determined by the amputations 
was subtracted and the result was considered as the blood \olume at the 
end of the experiment The fluid that was lost into the extremity was 
considered as haxing an hematoent which was the average of all those 
obtained on the \enous blood throughout the expenment With this 
assumption the volumes of red blood cells and of plasma in the injured 
area were calculated These figures were subtracted from the volumes 
of red blood cells and of plasma which presumably would have been pres- 
ent in the blood stream had not the loss occurred 

A Tic cJTccts of Ira.tna to ar extremity on the con position of the blood 

Tw o expenments on the effects of trauma to an extremity w ere per- 
formed The arterial pressure declined markedly in both experiments 
There was an increase m the hematoent and hemoglobin readings The 
volumes of wl ole blood, plasma and red blood cells decreased The 
content of the scrum in total protein, albumin and globulin was not al- 
tered signif cantlv dunng the expenments The absolute amount of the 
protein constituents was greatly diminished The results of one of these 
expienments are given m Table II 
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4° 716 5 70 3 16 2 54 33 1 

5° 30' 5 96 3 00 2 96 36 0 

7° 5 92 24.7 3 00 12 5 2 92 12 2 257 418 675 36 7 

Injected blood 7 04 j 41 2 
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B The ^ects of trauma to an extremity and of the intravenous injection of 
normal salt solution on the composition of the blood 

Three expenments of this type were performed A greater amount 
of trauma was necessary for the production of a low blood pressure than 
in the expenments in which no fluid was injected In two of the present 
experiments, the blood pressure did not reach a low level until after the 
introduction of fluid had been terminated The alterations in the hemo 
globin and hematocnt readings were small and vanable The volume of 
blood plasma decreased markedly There were small but definite de- 
creases in the percentages of total protem, albumm and globuhn in the 
blood serum The absolute amounts of the protein constituents de- 
creased markedly The results of one of these expenments are contained 
in Table II 

C The effects of trauma to an extremity and of the intravenous injection of 
gum acacta-glucose saline solution on the composition of the blood 

Two expenments of this type were performed The blood pressure 
dedined dunng the admmistration of fluid but did not reach a low level 
until after the injection was stopped There was a marked decrease in 
the hemoglobin and hematocrit readings The calculated volume of 
plasma increased in one expenment and decreased m the other There 
were marked decreases m the percentages of total protein, albumin and 
globuhn in the blood serum The absolute amounts of the protein con- 
stituents decreased The results of one of these expenments are to be 
found in Table II 

ni EXPERIMENTS ON THE EFFECTS OF HISTAMINE 

The histamine solution that was injected subcutaneously contained 
one milligram of the drug per cubic centimeter of salt solution It was 
given in suffiaent amounts to maintain the blood pressure defimtely 
depressed dunng the first four hours of the expenments 

A The effects of the subcutaneous injection of histamine on the 
composition of the blood 

Three expenments were performed m which the efi'ects of the sub- 
cutaneous mjecbon of histamine were studied The blood pressure rose 
following the completion of the mjections but did not return to the pre- 
vious control level The concentration of the red blood cells and the 
percentage of hemoglobin mcreased in all expenments The volume of 
blood plasma dimimshed There was a slight mcrease in the percentages 
of total protem, albumin and globuhn m the blood serum The absolute 
amounts of the protein constituents m the blood plasma decreased The 
results of one of these expenments are given in Table III 
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B The effects of the subadaneous ejection of histamxne and of the 
xntravenoiis injection of normal salt solution on the composition 

of the blood 

Three experiments of this tj^pe were performed A marked decline 
m the blood pressure was produced m all of them There was a defimte 
but not great mcrease m the hematocrit and hemoglobin readings in two 
of the experiments In the remaming experiment, there was a shght 
declme The volume of blood plasma decreased m two experiments and 
mcreased shghtlj’’ m one There was a decrease m the percentage of the 
protein constituents of the serum m all experiments In none of these 
was the decrease verj^ great The absolute amounts of the protem con- 
stituents decreased m two expenments and remamed at approximately 
the control level m the other one At the completion of each of the ex- 
penments, the stomach contained a large amount of flmd The results 
of one of these experiments are to be foimd m Table III 

C The effects of the subcutaneous injection of histamine and of the 
intravenous injection of gum acacia-glucose-sahne solution on 
the composition of the blood 

Two expenments were performed A marked declme m the blood 
pressure was produced m both After a shght mitial mcrease, there was 
a great decrease m the hemoglobm and hematocnt readmgs The volume 
of blood plasma mcreased There was a great decrease m the percentages 
of total protem, albumin and globulm m the blood serum The absolute 
amounts of the protem constituents decreased The results of one of 
these experiments are given m Table III 

D The effects of the subcutaneous injection of histamine and of the 
intravenous injection of blood serum on the composition of the 

blood 

Two expenments were performed m which the effects of the injection 
of histamme and of blood serum is^re studied The serum was obtamed 
from a normal dog the blood of which was not incompatible mth that of 
the expenmental animal A marked declme m the blood pressure fol- 
lowed the mjection of histamme m each experiment There was an 
mcrease in the hemoglobm and hematocnt determmations dunng the 
early part of the expenments and a decrease later The volume of blood 
plasma first decreased slightly and then mcreased There was an m- 
crease m the percentages of total protem and globulm in the blood serum, 
except for an mitial decrease m one experiment The absolute amounts 
of the protem constituents in the blood plasma mcreased greatly How- 
ever, if one corrects for the protein that was present m the mjected serum, 
a decrease m the absolute amount of plasma protem is found The latter 
figures are placed m brackets in the table. The results of one of these 
experiments are to be seen m Table III 
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IV EXPERIMENTS ON THE EFFECTS OF SPINAL ANESTHESIA 

A five per cent solution of procaine hydrochlonde was used as the 
spinal anesthetic With the animal lying on its side, the fluid was m- 
troduced into the canal m the lumbar region Small amounts of the 
procaine were injected frequently until a marked decline m the blood 
pressure resulted The animal was then placed on its back. 

A The effects of spinal anesthesia alone on the composition of the blood 
Four expenments are reported in which the effects of spjnal anesthesia 
were studied In several others, either no significant dechne in pressure 
was produced or death followed shortly after the injection of the procmne. 
The concentration of the blood and the percentage of hemoglobin m- 
creased in three of the four experiments but in no mstance was the m- 
crease very great In three of the experiments, there was a slight de- 
crease in the volume of plasma However, in two of these, the dechne 
did not appear dunng the first hour of the e.xperiment when the blood 
pressure was lowest The percentages of the protein constituents in the 
blood serum remained practically unaltered dunng the expenments 
In two of the expenments, the absolute amount of plasma protein re- 
mained at approximately the control level In the remaining two, there 
was no alteration dunng the first hour, and followmg this there was a 
decline. The results of one of these expenments are given in Table W 

B The effects of spinal anesthesia and of the intravenous injection of normal 
salt solution on the composition of the blood 
Two expenments of this type were performed A marked dechne 
in the blood pressure was produced in each At the end of the first hour, 
there -was a slight decrease m the hemoglobin and hematocnt readmgs in 
each Followmg this, they rose to levels a little higher than those ob- 
served dunng the control penods The plasma volume first mcreased 
and then decreased slightly There were small decreases m the percent- 
ages of total protein, albumm and globuhn in the blood serum The 
absolute amounts of the protem constituents dedmed but not to a great 
extent The results of one of these expenments are contamed m Table IV 

C The effects of spinal anesthesia and of the intravenous injection of gum 
acacia glucose-saline solution on the composition of the blood 
Two expenments were performed In one of these, the blood pressure 
remamed markedly depressed, while m the other it returned to the control 
level and remamed there several hours In one expenment the concen- 
tration of the red blood cells decreased dunng the mjection of the flmd, 
and m the other the initial increase m the concentration was followed by 
dilution The hematocnt and hemoglobm readmgs mcreased followmg 
the termmation of the injections There was a decrease m the percent- 
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ages of the total protein, albumin and globulin in the blood serum The 
absolute amounts of the protein constituents in the blood plasma de- 
creased The results of one of these expenments are given in Table IV. 

DISCUSSION 

In a previous paper (2) experiments were reported in which the cause 
for the decline in blood pressure was not clearly understood, and m which 
the mjection of fluids intravenously was usually associated with marked 
decreases in both the percentage and absolute amount of plasma protein 
In view of these findmgs it seemed important to determme whether or not 
a decline in blood pressure produced in other ways would be associated 
with similar alterations For example, if the intravenous mjection of 
salt solution following a severe hemorrhage were associated with a marked 
decrease in the percentage and absolute amount of protein in the blood 
serum, its use might be harmful rather than beneficial The four methods 
by which the decline m pressure was produced were arbitrarily chosen as 
bemg fairly representative of the different ways of causing such a condi- 
tion 

The findmgs in the experiments on the effects of hemorrhage were quite 
different from those previously reported (2) in which the unexplained 
etirly decline m the pressure took place When normal salt solution was 
mjected into the animals from which blood was bemg removed, a decrease 
rather than an increase in the concentration of the red blood cells was 
found The percentage of protein m the serum decreased but when the 
protein that was removed was added to that remaining m the blood 
stream, it was found that the absolute amount of plasma protem usually 
increased Calculated in this maimer, the increase in one expenment 
was five grams and in another six grams In the experiments on hemor- 
rhage the blood pressure readings as listed m the tables are not in all 
mstances very low but they are somewhat misleading m this respect in 
that the pressure that existed just before the removal of the blood was 
the one used Dimng and shortly following the removal of blood, the 
blood pressure was frequently mmkecily depressed The decline m 
pressure usually appeared much earlier in the expenments with the un- 
explained fall than in those in w^hich blood was removed It is possible 
that the vasoconstnction of the vessels which usually accompanies hemor- 
rhage was responsible for the prevention of the loss of protem through 
the vessel walls in the present expenments, but we have no proof of this 

The addition of the protein that was removed to that remaining in the 
blood stream m the expenments on hemorrhage indicated an increase in 
the absolute amount of plasma protem in most of the experiments 
Scott (5) from his studies on the mechanism of the absorption of fluid from 
the tissue spaces states "The above results show that as large or larger 
increases m the mtrogenous bodies of the plasma occur after mjecting 
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Ringer's fluid (when all backward filtration is excluded) as occur after 
hemorrhage After hemorrhage, the fluid passmg back mto the blood 
must contam less protein than the plasma whether it passes back by 
osmosis or by filtration, it will then necessarily cause protein to pass from 
the cells into the plasma Consequently an mcrease of protein in the 
plasma after hemorrhage is no evidence of backward filtration and is 
consistent with Starling's view that the fluid passes into the capillanes 
by osmotic action ” In pre\uou8 experiments m which the effects of the 
in;ection of solutions of crystalloids into normal dogs were determined, 
there was a slight increase in the absolute amount of the plasma protem 
in several of the experiments but in most of them it remained at the same 
level or decreased slightly However, in the present experiments m 
which both the effects of hemorrhages and the injection of flmds were 
studied, there was usually an increase in the plasma protein If Scott 
IS correct m his statement that backward filtration is excluded when 
fluid that has been injected is passing through the vessels, then it follows 
that protem did not pass from the tissue spaces mto the blood stream m 
our experiments because part of the fluid that was injected escaped 
through the vessel walls However, it is not necessanly true that back 
ward filtration is excluded simply because part of the fluid that was m- 
jected was leaving the blood stream It would seem to be possible that 
at any given time fluid could be leavmg the blood stream m some areas 
while at the same time fluid could be passing mto the CNCulation m other 
areas 

The expenments on the effects of trauma to an extremity differ m the 
mam from those on hemorrhage m that the latter type was usually asso- 
ciated with a decrease m the concentration of the red blood cells, whereas 
a slight increase usually occurred in the former The difference is prob- 
ably due to the fact that there was a greater proportional loss of plasma 
than of red cells in the studies on trauma whereas hemorrhage resulted 
in the loss of blood as it existed at the time m the blood vessels The 
above remarks do not apply to the expenments m which the gum acacia 
solution was injected, since m both types a marked decrease in the 
concentration of the red blood cells was found The mcrease m the con- 
centration of the blood m the expenments on the effects of trauma and the 
introduction of salt solution was not nearly so marked as m the previous 
expenments (2), m which the unexplained dechnes in pressure occurred 
Also, the decrease m the percentage of protem in the blood serum m the 
present expenments was not nearly so great as m the former ones Un- 
fortunately the absolute amounts of the protem constituents could 
not be deterrmned accurately durmg the course of the expenments on 
trauma Smce the fluid that escaped from the blood stream into the 
injured area had approximately the same composition as whole blood and 
smce there was such a marked difference m the weight of the traumatized 
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and non-traumatized parts, it is likely that most if not all of the protein 
was lost into the damaged tissues The impression was gained that it 
took a greater amount of trauma to produce a decline in blood pressure 
when salt solution was mjected than when no solutions were given This 
observation would indicate that the salt solution was not exerting harmful 
effects 

Protem was usually lost from the blood stream when histamine and 
flmds were mjected but it was surpnsing to us that the loss was not 
greater The reduction in the percent^e and absolute amount of plasma 
protein was usually not as great in these expenments as in the previous 
(2) ones with the unexplained decline in pressure In the latter expen- 
ments the decline m pressure was frequently maintained for only a short 
while, whereas in the experiments on histamine the blood pressure was 
kept at a low level for a long time At the completion of most of the 
expenments on histamine, the stomach contained large amounts of flmd 
The content of this fluid in protein was quite low It was sufficient to 
account for only a small part of the total loss of protem 

In the expenments on the effects of spinal anesthesia alone, there was 
either no loss in the absolute amount of plasma protein or the loss was not 
very great When normal salt solution was mtroduced intravenously 
after produang a decline in pressure by spinal anesthesia, there was not a 
large loss of protem The decline in the blood pressure in these expen- 
ments was similar to that observed in the experiments (2) in which the 
imexplained fall occurred In both instances, a marked drop in the pres- 
sure was noted during the early peirt of the studies It is possible that 
the absence of a large loss of protein in the expenments on spinal anes- 
thesia was due to the fact that part rather than the whole of the body was 
affected by the anesthetic In the experiments m which the unexplamed 
decline m the pressure occurred and in those in which histanune was 
injected, the effects were probably general rather than local 

It IS noted in some of ^e expenments reported in this paper that it is 
possible to have a marked decline in the blood pressure without an asso- 
aated diminution in the absolute amount of plasma protem This 
findmg indicates that the unexplained decline m blood pressure m the 
expenments previously reported (2) was not entirely responsible for the 
loss 

SUMMARY 

The effects on the composition of the blood of four different procedures 
which resulted in a decline in the blood pressure were determined m some 
dogs in which no fluid was injected and in others in which either normal 
salt solution or gum acacia-glucose-saline solution was introduced intra- 
venously The methods that were employed in reducmg the blood pres- 
sure consisted of (1) the graded removal of blood, (2) trauma to an ex- 
treimty, (3) the subcutaneous injection of histamine and (4) the injection 
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of procaine hydrochlonde into the spmal canal The studies included 
determinations of the carotid blood pressure, the percentage of hemoglo 
bin, the concentration of the red blood cells, the volumes of whole blood, 
red blood cells and plasma, and the percentages of total protein, albumin 
and globulin in the blood serum The absolute amounts of the protem 
constituents were calculated by multiplying the percentage of each m the 
serum by the volume of plasma. 

Some of the results that a ere obtained are as follows 

1 In the experiments on the effects of hemorrhage, both with and 
without the introduction of fluids, the amount of protein that was present 
in the blood that was removed was usually more than suffiaent to ac- 
count for the decrease in the total amount of protein in the plasma of the 
blood stream The results of most of the expenments indicate that pro 
tein passed into the blood ■vessels 

2 In both the expenments on hemorrhage and those on trauma to an 
extremity, there was a slight decrease in the concentration of the plasma 
protein assoaated with the introduction of normal salt solution The 
total amount of protem that was lost from the blood stream in the ex- 
penments on trauma could not be determmed with accuracy but the re- 
sults indicate that most if not all of it escaped into the injured area 

3 In all of the expenments with one exception m which histamine 
was injected, there was a decrease in the absolute amounts of the protem 
constituents However, the loss was not as great as was usually en- 
countered in the previous e.\penments (2) in which the unexplained de- 
cline m blood pressure occurred 

4 There was a comparatively small loss of protein from the blood 
stream m the expenments in which a marked dechne in the blood pressure 
followed the injection of procaine mto the spinal canal The findmgs 
were similar when in addition normal salt solution was mtroduced intra- 
■venously 
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In previous studies (1, 2, 3), the effects on the camposition of the 
blood of the introduction of fluids intravenously have been determined 
on normal animals and on anunals in which a decline in blood pressure 
had been produced by a variety of means Another method frequently 
employed by which fluids may be introduced consists of mjection into 
the subcutaneous tissues For this purpose, normal salt solution is used 
most often The present studies were undertaken in order to determine 
the effects on the composition of the blood of the subcutaneous injection 
of normal salt solution into normal dogs and into dogs m which a dechne 
in blood pressure was produced by several different methods Also we 
were interested in determuung how much of the fluid that was placed in 
the tissues was absorbed into the general circulation For this reason all 
of the fluid was injected mto the tissues of one postenor extrermty, groin 
and flank At the completion of the expenments, the difference m the 
weights of the two postenor portions of the body was detenmned 

METHODS 

Dogs were used in all expenments Morphine sulphate was employed as an 
anesthetic in all expenments except those in which the intestines were trau 
matired Sodium barbital was used in these. The ammals gave no evidence 
of pain during the course of the expenments The blood pressure was deter- 
mined by plaang a cannula that was connected to a mercury manometer into 
the carotid artery Speamens of blood for the various analyses were obtained 
from the femoral vein of the extremity into which no fluid was injected and this 
blood was replaced by an equal amount obtained from a normal dog 

Four different types of expenments were performed In all of these, fol 
lowing the replacement of the blood which was removed in order to determine 
the blood volume hemoglobin, hematoent, total protein albumin and globulin, 
normal salt solution was injected continuously into the tissues of one of the 
postenor extremities, groin and flank It was given at body temperature at 
the rate of 10 cc. jier kilogram of body weight per hour for four hours. Samples 
of blood for the vanous analyses were obtained one and two and one-half hours 
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following the beginning of the injection and at its completion Further sam- 
ples were obtained after intervals of one and one-half and three hours The 
animals were then killed and the difference in the weights of the two postenor 
portions of the body was determined In the first group of expenments, the 
effects on the composition of the blood of the introduction of fluids into the 
subcutaneous tissues of normal ammals were studied In the second group, 
after making a midline abdominal inasion, the intestines were traumatized 
during the four hours while fluid was being injected by gently passing them 
between the fingers At the end of this time, the inasion was closed, and two 
further senes of determinations were performed dunng the following three 
hours In the third group of expenments, the effects of graded hemorrhages 
at the same time that fluid was being introduced subcutaneously were studied 
As in all expenments normal salt solution was injected at the rate of 10 cc per 
kilogram of body weight per hour for four hours and samples of blood were 
obtained at the usual times After performing the control determinations, 
whole blood which equalled one per cent of the body weight was removed from 
the femoral artery Blood equalling approximately one and one-half per cent 
of the body weight was withdrawn one hour later and two and one-half hours 
later The volume of the blood that was removed was slightly less than the 
volume of salt solution that was introduced The observations were continued 
for three hours after the completion of the injection of salt solution In the 
fourth group of expenments, histamine was injected internuttently into the 
subcutaneous tissues dunng the four hours that salt solution was being in- 
troduced It was given in amounts sufiiaently large to produce a defimte 
decline in the blood pressure The usual determinations were performed dunng 
the three hours following the termination of the injections 

Van Allen tubes were used in the hematocrit determinations Hemoglobin 
estimations were performed by the method of Cohen and Smith (4) The 
control blood volume was determined by the dye method as employed by 
Rowntree, Brown and Roth (5) These figures are placed in brackets in the 
tables Dunng the course of the expenments, excepting those on hemorrhage, 
the alterations m the total blood volume were assumed to vary in an inverse 
ratio to the changes in the percentage of hemoglobin The volumes of red 
blood cells and of plasma were calculated from the hematocnt readings In the 
expenments in which graded hemorrhages were performed, the calculations 
were different in that after deterrmmng the volume by the method descnbed 
above, subtraction was made for the amount removed The determinations 
of the mtrogen were performed on blood serum Albumin and globulin were 
separated by the use of 22 2 per cent sodium sulphate as recommended by 
Howe (6) The Gunmng (7) modification of the Kjeldahl method was em- 
ployed for deterrmmng the albumin and total protein mtrogen of the serum 
The total mtrogen of the unne was also determined by this method In all 
the tables the nitrogen is expressed as protein The figures for the entire or 
absolute amounts of protein were obtained by multiplying the percentage of 
protein per umt volume of serum by the total amount of plasma in the blood 
stream In the expenments on hemorrhage, the figures in brackets represent 
the addition of the total protein, albumin and globulin that were removed at 
the time of the bleedings to the calculated absolute amounts of each that 
remained in the blood stream Analyses were performed on the blood that was 
injected m order to replace that removed for the vanous determinations The 
differences between the blood removed and that injected were ignored in the 
calculations This introduced very httle error 
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The method (8) by which the postenor part of the body was divided into 
two parts was as follows An abdominal inasion was made m the midUne line 
The symphysis pubis was divided with a saw The bladder and rectum were 
removed The abdominal aorta and vena cava were doubly bgated and 
divided The ihac vessels were damped A transverse abdominal inasion was 
made at approximately the level of the umbihcus This was extended through 
the vertebral column and the front part of the body was discarded Using a 
knife and a saw, the structures on cither side of the vertebral column of the 
posterior part were divided in a longitudinal direction This resulted in a 
separation of the spinal column and tail from the two postenor portions of the 
body The difference m the weight of the part into which fluid had been in- 
jected and the opposite part was determined 

RESULTS 

1 The effects of the stibcutaneous tnjectum of normal salt solutum 

Three expenmenta were performed in which the effects on the compo- 
sition of the blood of the subcutaneous injection of normal salt solution 
were determined The blood pressure remained at approximately the 
control level in all of the expienments There was usually a shght dim 
inubon in the concentration of red blood cells, and in the percentage of 
hemoglobin There was a shght but defimte mcrease m the volume of 
plasma m all expenments The alterations in the percentages of total 
protein, albumm and globulm in the blood serum were very mmor There 
was an increase m the absolute amounts of total protem, albumin and 
globulm in the blood plasma in all expenments Detemunations of the 
difference in the weights of the two postenor extremities in the three 
expenments mdicated that 29 per cent of the fluid that was mjected was 
absorbed into the general arculation The results of these expenments 
are given m Table I 

2 The ^ects of conhnuous trauma to the tnteshnes and of the subcutaneous 
snjeetton of normal salt solutum 

Continuous trauma to the intestines and the subcutaneous mjection 
of normal salt solution were assomated with varymg degrees of decline in 
the blood pressure There was an mcrease in the concentration of the 
red blood cells and an mcrease m the percentage of hemoglobm The 
volume of blood plasma decreased m all expenments The percentages 
of total protein, albumm and globulm m the blood serum remamed at 
approximately the control levels throughout the expenments There 
were rather marked decreases m the absolute amounts of the protem 
constituents in aU expenments Companson of the weights of the pos- 
tenor extremities mdicated that 17 per cent of the flmd that was mjected 
m the three expenments was absorbed The results of these expenments 
are enumerated m Table II 
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T 81 Weight of extremity into which Jliud was injected w^s 3405 grarns. Weight of opposite extremity was 2840 grama. 
Difference in weight S65 grama. Total fluid injected was 864 cc. Amount of fluid absorbed was approximately 
299 cc. Total unne 85 cc. with a total protein equivalent of 12 3 grams 
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Tile effects of hemorrhage and of the subcutaneous injection of salt sohdton on the composUton of the blood 
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3 The effects of graded hemorrhages and of the subcutaneotis tnjechon of 

normal salt solution 

In the three expenments in which the effects of graded hemorrhages 
and the subcutaneous injection of salt solution were studied, the removal 
of blood was sufficient to cause a defimte decline in the blood pressure 
There was a decrease in the hematocnt readings and m the percentage of 
hemoglobin in all expenments The volumes of whole blood, plasma, 
and red blood cells decreased when the amount of blood that was removed 
IS taken into consideration There was a slight decrease m the percent- 
ages of total protein, albumin and globulin in the blood serum The ab- 
solute amounts of the protein constituents that remained in the blood 
plasma decreased However, if one adds to that remaining in the blood 
stream the amount corresponding to the protein removed by bleedmg, it 
is to be noted that protein probably passed into the vessels during the 
course of the expenments These figures are placed m brackets in the 
tables Approximately 25 per cent of the flmd that was injected into the 
extremities was absorbed The results of these expenments are given in 
Table III 

4 The effects of the subcutaneous injection of histamine and of normal salt 

solution 

A marked decline m the blood pressure was produced m the three ex- 
penments in which the effects of the subcutaneous mjection of histamine 
and salt solution were studied The blood pressure rose after the injec- 
tions were terminated There were marked increases in the concentra- 
tion of the red blood cells and in the percentage of hemoglobin There 
was a rather large diminution in the volume of plasma in the blood stream 
The content of the blood serum in total protein, albumin and globulin al- 
tered very little However, due to the loss of plasma, there was a 
great decrease in the absolute amounts of total protein, albumm and 
globulin The difference in weight of the postenor extremities in the 
three expenments mdicated that approximately 22 per cent of the fluid 
that was mjected was absorbed The results of these expenments are 
given m Table IV 

DISCUSSION 

The sigmficant alterations that accompanied the subcutaneous injec- 
tion of salt solution into normal dogs consisted of a slight increase m the 
volume of plasma and in the absolute amount of plasma protein The 
findings differ m the mam from those previously reported (2) in which 
the flmd was given intravenously to normal dogs in that an appreciable 
decrease in the percentage of protein in the blood serum was not encount- 
ered in the present expenments Less than one-third of the fluid that 
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was injected was absorbed and the greater part of this could be accounted 
for by the unne that was passed 

The findings in the expenments in which the intestines were trau 
matized and those in which histamine was injected were qmte similar 
In each there was an increase m the concentration of the red blood cells, 
an increase in the percentage of hemoglobin, a decrease m the volume of 
plasma, very little alteration in the percentage of the protem constituents 
in the blood serum and a marked decrease in the absolute amounts of each 
The proportion of the fluid that was absorbed was approximately the same 
in the two types of expenments The percentage of fluid that was ab 
sorbed was less with these animals than with the normal ones Similar 
expenments (1, 3) previously performed m which fluids were introduced 
mtravenously instead of subcutaneously showed a decrease in the con 
centration of the protem constituents in the blood serum but otherwise 
essentially the same findmgs It seemed to require more trauma to 
produce a given decline in the blood pressure when fluids were admims- 
tered subcutaneously than was necessary m similar expenments m which 
no fluid was introduced 

In the studies on the effects of graded hemorrhages and the sub- 
cutaneous injection of normal salt solution, there was a decrease in the 
concentration of the red blood cells The decrease was not qmte as 
great as was usually found when the intravenous introduction of salt 
solution accompanied hemorrhage The decrease in the plasma volume 
was not as great as the quantity of plasma removed The decrease m 
the percentage of protein m the serum was less than was found when the 
fluid was given intravenously If the protein that was removed with the 
blood IB included, there was a definite increase m the absolute amount of 
plasma protein This increase varied from five to eight grams in the 
different expenments 

The fact that the plasma protein mcreased in the expenments m 
which salt solution was injected subcutaneously in normal dogs and m 
dogs that were bled is of mterest from a physiological viewpoint The 
question anses as to whether the increase can be explamed on the basis 
of osmosis alone or whether it is necessary to include backward filtration 
as accounting for part of it- This question we fear cannot be answered 
from our expenments and no attempt will be made to do so The recent 
expenments of Field and Dnnker (9) give information on this point 
They state, ‘ ‘ 1 The capillanes under normal conditions are not concerned 
with the absorption of protein from the subcutaneous tissues 2 After 
plasmapheresis, with substantial reduction of total blood protem, foreign 
protein placed in the subcutaneous tissues can be detected serologically m 
the blood when entrance by lymphatic routes has been blocked " 

Speculation as to the comparative values of administering flmds mtra- 
venously and subcutaneously is not without mterest. The intravenous 
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route presents a disadvantage in some instances in which there is a 
marked declme in the blood pressure in that a marked decrease m the 
percentage of plasma protein results which is not due to an increase in the 
plasma volume and hence the osmotic pressure in the blood vessels is 
lowered This disadvantage apparently does not exist when the decline 
in pressure results from hemorrhage The mam objection to the sub- 
cutaneous introduction of fluids is that the absorption is slow and es- 
pecially so when the blood pressure is at a low level This latter method 
IS not as apt to result in a reduction of the percentage of protein in the 
serum It would seem m the absence of a favorable response in the blood 
pressure following the intravenous introduction of a moderate amount of 
a solution such as normal salt solution that the injection should be dis- 
continued before a marked decline in the concentration of protein is pro- 
duced Possibly the subcutaneous injection of fluids would be of some 
assistance in maintainmg the level m pressure until arrangements for a 
blood transfusion could be made Certainly the subcutaneous injection 
of fluids will tend to prevent the drop in pressure followmg procedures 
that are frequently associated with a slow decline 

SUMMARY 

The'effects on the composition of the blood of the subcutaneous intro- 
duction of normal salt solution into dogs have been determined repeatedly 
under the followmg expenmen tal conditions (1) control studies on the 
injection alone, (2) trauma to the intestines, (3) the graded removal of 
blood and (4) the subcutaneous injection of histamine The studies in- 
cluded determinations of the artenal pressure, the percentage of hemo- 
globin, the concentration of the red blood cells, the blood volume, the 
percentages of total protein, albumin and globulin in the blood serum and 
the volume of salt solution absorbed by the circulation 

The followmg are some of the results that were obtained 

1 In normal emimals m which salt solution was injected under the 
skin, there was a slight increase in the volume of plasma, practically no 
alteration m the concentration and an mcrease in the absolute amounts of 
the protem constituents 

2 Trauma to the mtestmes and the subcutaneous injection of his- 
tamine were assoaated with a decrease m the volume of plasma, no 
definite change in the concentration of total protem, albumm and globulin 
and a marked decrease m the absolute amounts of the protem constituents 
A smaller amount of the salt solution was absorbed by the arculation m 
these experiments than in the other ones 

3 The graded removal of blood was assoaated with a decrease m the 
concentration of the red blood cells, a slight diminution m the percent- 
ages of total protem, albumm and globuhn m the blood serum, and an 
increase m the absolute amounts of the protein constituents if the amount 
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STUDIES IN THE METABOLISM OF SODIUM r-LACTATE I 
RESPONSE OF NORMAL HUMAN SUBJECTS TO 
THE INTRAVENOUS INJECTION OF SODIUM 
f-LACTATE 

Bt ALEXIS F HARTMANN and MILTON J E SENN 

(From the Department of Pediatncs Washmglon Unnemty School of Medicine, and the 
St Loutt Children s Hospital, St Louts) 

(Recent for publication September 10, 1931) 

In recently published studies, Hartmann and Darrow (1, 2 , 3) em- 
phasized the fact that if sodium bicarbonate were properly administered 
along with other indicated therapeubc measures, severe acidosis could 
be much more effectively treated There were recognized, however, a 
number of objections to the admmistcation of sodium bicarbonate The 
most senous was that, if given intravenously in amounts large enough 
to insure effectiveness, it tended to produce too rapid a change m the 
reaction of the body fluids, and often resulted m an almost immediate 
shift from uncompensated acidosis to uncompensated alkalosis, even 
though the sodium bicarbonate content of the body fluids was not made 

abnormally high i e , the ratio increased because the numerator 

was added to more rapidly than the denonunator could be increased by 
the production of carbon dioxide m the tissues and its accumulation in 
the body fluids through reduced pulmonary ventilation This deinger 
was usually avoided by givmg the alkali m fractional dosages and checkmg 
the effect by chemical exammation of the blood The latter constituted 
another objection, particularly m the case of the young infant Other 
disadvantages lay in the fact that if sodium bicarbonate were to be m 
jected subcutaneously or intrapentoneally, it had first to be sterilized 
by Berkefeld filtration, and then rendered less imtatingly alkahne by 
bubbling carbon dioxide through it * Unless sealed , such a mixture would 
of course become too alkaline again as a result of loss of carbon dioxide 
Another disadvantage lay also in the fact that the injection of sodium 
bicarbonate alone tended, at least theoretically, to disturb the lomc bal- 
ance between sodium, protassium, calcium and magnesium 

In order to overcome those objections the mixture of sodium lactate 
and hypotonic Rmger s solution was devised (5) The conversion of 

1 Cunningham and Darrow (4) have recently overcome this objection by 
partly neutralizing sodium bicarbonate previously sterilized m the dry state 
with hydrochloric aad 
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sodium lactate into sodium bicarbonate, it was felt, would be sufficiently 

RT^r'O 

slow to permit maintenance of the proper -rrFrT ratio, which would 

Xl2^U3 

lessen the danger of alkalosis and possibly even perrmt quantitative 
restoration of dirmnished body fluid sodium bicarbonate by a single dose 
Sodium lactate, alone or combined with Ringer’s solution, is non-imtat- 
ing, stable and can be stenlized readily by boiling 

The clinical results with this mixture of salts have been more than 
gratifying, particularly in connection with its use in the treatment of 
infants with aadosis resulting from diarrhea, dehydration and oliguna 
Nevertheless, we have felt it wise to study more thoroughly the response 
to sodium lactate under various abnormal conditions, and to try to 
determine the limits of its effectiveness and safety It seemed quite 
possible, for instance, that the complete metabolism of sodium lactate 
with conversion mto sodium bicarbonate might be seriously impaired 
when liver damage or anhydremia and anoxemia were present It also 
seemed more than likely that, when given in excess to subjects with 
diminished body flmd electrolytes or renal insufficiency, sodium bicar- 
bonate might remain in excess m the body fluids, leading to dangerous 
alkalosis 

To determine the fate of intravenously injected sodium r-lactate in 
normal or essentially normal individuals, children who either had com- 
pletely recovered from an acute illness or who were suffenng from some 
minor disease were selected from the wards of the St Loms Children’s 
Hospital In all instances these subjects were apparently normal in 
respect to the circulation of the blood and hepatic and renal functions 
The procedure was as follows 

In the fasting state in the morning, a control sample of venous blood 
was secured for detenmnation of carbon dioxide content, glucose, lactic 
acid and inorganic phosphate The chermcal methods were the same as 
those used previously (6) Faintly alkaline sodium r-lactate * was then 
injected intravenously, in a dose of approximately 4 to 7 cc of molar solu- 
tion per kilogram of body weight To avoid the effects of a too hyper- 
tonic solution, the molar preparation was usually diluted with 1 to 2 
volumes of distilled water or hypotomc Ringer’s solution before the in- 
jection The latter usually reqmred about 30 imnutes Blood samples 
were again secured for chemical determinations, usually IS, 30, 60, 120 and 

2 Molar sodium r-lactate was made by neutralizing concentrated (approxi- 
mately 10 molar) lactic aad with approximately SO per cent sodium hydroxide, 
with phenol red as the indicator Because of the anhydnde present in the 
concentrated preparation, the latter was first diluted to about 8 volumes with 
distilled water and kept boiling slowly, alkali being added to slight excess until 
all the anhydnde was hydrolyzed and neutralized, which usually required from 
30 to 45 minutes A final dilution of 1 10 was then made. 
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240 minutes after the end of the injection During this period urme 
specimens were collected and kept under oil until their carbon dioxide 
contents could be determined 

RESULTS 

Blood laclate Although no check was made by determming the 
blood lactic acid immediately after injection, the quantity of sodium 
r lactate was such as to raise the blood lactic acid approximately 300 to 
SOO mgm per 100 cc. The rapid fall which occurs during the first IS 
minutes after mjecbon is sufficient to reduce such a concentration to 
approximately 30 to 65 mgm per 100 cc (Table 1 and Chart 1) In other 




Chart 1 The Average Response of Normal Subjects to the Intra 
VENOUS Administration op 6 75 cc of Molar Sodium r Lactate Per 
Kilogram of Body Weight 

(Average of Cases G 336, G 1982, F 2131 and H 925) 

words, about 90 per cent of the injected lactate has left the blood stream 
durmg the first quarter of an hour The disappearance of lactate from 
the blood then continues at a somewhat slower rate. After one half 
hour Its concentration is usually shghtly greater than before the injection, 
while after one hour it is practically normal At the end of two hours a 
subnormal level is often reached 

The imtial rapid fall is probably the result of several factors (1) 
diffusion mto the body fluids, (2) oxidation and conversion into glycogen, 
and (3) excrebon into the urme. The latter is probably the least impor- 
tant as but relabvely little lacbc aad appears in the urme. Quanbtabve 
study of this phase is in progress ‘ The later more gradual fall seems due 

• The amount excreted seems to vary with the rate of injecUon and the 
urinary volume The greatest amount excreted, which we have observed to 
date, IS about 18 per cenb 


TABLE 1 

Response of normal human subjects to the intravenous injection of sodium r-lactale 
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* Diluent = Ringer’s solution (R) or distilled water (W) 
t S = Serum 

WB = Oralated whole blood 
P =■ Oxalated plasma 

t Indicates the end of the interval dunng which urine was collected. 
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chiefly to the metabolism of the lactate radicle, as mdicated by the be- 
havior of glucose and bicarbonate 

Blood glucose During the first half hour after the intravenous injec- 
tion of sodium f-lactate the glucose concentration nses, the average 
greatest increase of “true” glucose dunng this time being 20 mgm per 
100 cc (Case G-1982, Table 1, is excluded as no “true” glucose values 
were determined ) Dunng the second half hour its concentration either 
remains stationary or begms to fall Dunng the second hour a fall 
usually occurs and a level approximating the initial concentration is 
usually reached Later there is a distinct tendency to nse 

The "true” glucose values were estimated by precipitating the blood 
protems with the zinc sulphate reagent of Somogyi (7) and determinmg 
the reducing value of the filtrate with the ShalTer-Hartmann reagent (8) in 
Its onginal form or as modified by Scharles and West (9) The “appar- 
ent” glucose values were determined by the ongmal ShaflPer-Hartmann 
procedure (8) Lactate itself in the concentration present dunng these 
studies, has no reduang effect on either reagent 

In general the “true” and “apparent” glucose values fluctuate m a 
parallel fashion 

Blood tnorgamc phosphate Inorganic phosphate was followed in only 
two instances (Case G-336 and Case H-925, Table 1) A slight fall was 
noted dunng the first half hour, which became more rapid dunng the 
second half hour, after which m Case G-336 there was a continued nse 
In neither mstance had the original concentration been reached four hours 
cifter injection 

Blood carbon dtooctde content The carbon dioxide content of whole 
oxalated blood nses in a feishion similar to the mcrease of “true” glucose 
The peak is reached usually at the end of the second half hour, although 
in two instances, Cases G-2078 and G-1982 (Table 1) the highest value 
was noted at the end of the first half hour Dunng the second hour and 
the subsequent two hours the concentration falls steadily, due largely to 
excretion of bicarbonate into the unne The concentration at the end 
of four hours is not always as low as the mitial concentration, but is 
usually wnthm the upper range of normal The serum and plasma carbon 
dioxide content values (Case G-336, Table 1) almost parallel the whole 
blood values, the curves diverging a little as the values mcrease and con- 
vergmg as they later decrease — m all probabihty a Donnan equihbnum 
effect, secondary to mcreasmg and decreasmg alkalimty 

Carbon dtoxtde content of the unne The carbon dioxide content of 
the unne begins to nse at almost the same time that the carbon dioxide 
content of the blood rises The greatest concentration usually appears 
after about one hour The highest value was observed in Case G-336, 
Table 1 Dunng the second hour the carbon dioxide content was 584 
volumes per cent, representing a concentration of sodium bicarbonate of 
approximately 21 5 grams per hter 
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DISCUSSION 

From the above results it would seem that under normal conditions 
the intravenous injecbon of molar sodium r lactate solution in a dose of 
from 4 to 7 cc per kilogram of body weight is followed by practically 
complete utilization of the lactic acid during the period of two hours 
followmg the injection The maximal amount, if mjected uniformly 
over a period of 30 mmutea, would correspond to the injection of d- and 
/-lactic acid at a rate of 0 63 gram of each per kilogram per hour If all 
of the lactate is metabolized, as is indicated by the small amount excreted 
into the urme and by the extent of mcrease of bicarbonate m the blood, 
one would expect from the work of Meyerhof and Lohmann (10) and Con 
and Con (11) and their associates that about 80 per cent of the d lactate 
(corresponding to 0 5 gram of lactic acid per kilogram per hour) would 
be converted into liver glycogen, while all of the 1-lactate together with 
20 per cent of the d lactate (corresponding to 0 76 gram of lactic aad 
per kilogram per hour) would be oxidized The heat production for 
this amount of lactic aad oxidation would correspond to about 3 calones 
per kilogram per hour, approximately double the basal metabohc rate 
of normal children 

If we assume that two-thirds of the body weight represents the weight 
of body water in equihbnum with and including the blood, we can calcu- 
late the expected mcrease in carbon dioxide content quite readily Thus, 
if a subject receives 6 7 cc of molar sodium r lactate per kilogram of body 
weight, there should be an mcrease of 10 cc. of molar sodium bicarbonate 
per kilogram of body water, eqmvalent to an mcrease m carbon dioxide 
content of approximately 22 4 volumes per cent. In Table 2 the expected 
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increase in carbon dioxide content of the blood is compared with that ac- 
tually observed after one hour It should be noted that in all instances 
but two the actually observed carbon dioxide content was less than that 
predicted, and that the average discrepancy was 4 2 volumes per cent 
The chief reason for this discrepancy undoubtedly is the fact that con- 
siderable base, chiefly as bicarbonate, is excreted into the unne during the 
first hour In Case G-336 during the initial hour the carbon dioxide 
content of the unne rose from 3 1 to 350 volumes per cent The quantity 
of unne secreted dunng the interval was 100 cc accountmg for the ex- 
cretion of approximately IS 5 cc of molar sodium bicarbonate As the 
subject had approximately 28 6 kilograms of body water, the loss of 15 5 
cc of molar sodium bicarbonate would cause a reduction in the carbon 
dioxide content of the entire body water of 1 21 volumes per cent The 
difference onginally to be accounted for in this instance was 3 7 volumes 
per cent Undoubtedly, additional base (sodium) was excreted with 
other anions, such as chlonde and sulphate 

The most alkaline unne observed in this study was noted dunng the 
second hour in this same subject Dunng this penod, 150 cc of unne 
with a carbon dioxide content of 584 volumes per cent were secreted, 
representing a concentration of sodium bicarbonate of approximately 
215 grams per liter In no mstance was any clinical evidence of alkalosis, 
such as tetany, noted despite the fact that in one instance (Case 0-1982 
Table 1) a serum carbon dioxide content of 93 4 volumes per cent resulted 
In all probability the respiratory response was sufficient to prevent any 
significant shift in pH 


SUMMARY AND CONCLUSIONS 

In seven essentially normal children the effects of the intravenous 
injection of from 4 to 7 cc of molar sodium r-lactate per kilogram of body 
weight were studied, with the following results 

1 The racemic mixture is practically completely metabolized in from 
one to two hours 

2 The conversion of lactate into glucose is apparent from the uniform 
nse of the latter in the blood 

3 The liberation of the sodium ion is practically quantitative, the 
base appearing in the body fluids chiefly as sodium bicarbonate 

4 Kxcretion of excess base into the unne takes place promptly, and 

alkalosis is usually of short duration 

5 During the duration of alkalosis no signs of tetany were noted 
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In the first paper of this senes it has been demonstrated that sodium 
r-lactate is completely metabohzed within a penod of from one to two 
hours by normal individuals when given in a dose of 7 cc of molar solution 
per kilogram over a penod of one-half hour The utilization of the race- 
mic mixture of lactate probably mvolves the oxidation of a fraction of the 
lactate radicle and the conversion mto glycogen of the remamder, as well 
as the liberation of the sodium ion, which then is excessive in the body 
fluids and is excreted into the unne. 

In the present study the effect of intravenous sodium lactate upon the 
carbon dioxide content of the blood in patients with acidosis was mvesti- 
gated For the sake of convemence, the cases have been divided mto 
three groups (1) those wnth acidosis secondary to renal insuffiaency, (2) 
those with acidosis associated with diarrhea, dehydration and oliguna, 
and (3) those assoaated with diabetes melhtus 

Nephritic aadosis 

The acidosis associated with renal insufficiency is brought about 
rather simply, being due almost entirely to the accumulation of such 
acids as phosphonc and sulphuric, and to the loss of fixed base from the 
body fluids, because of the impairment of renal function (1) Ehccept in 
the terminal stages the circulation of the blood is practically normal, as is 
also apparently the ability on the part of the subject to oxidize and store 
carbohydrate. This type of acidosis, therefore, from theoretical consider- 
ations, should be promptly reheved by the adnunistration of sodium 
lactate m sufficient amounts In Table 1 are recorded the results to date 
of treatment of this type of aadosis with sodium r lactate It should be 
noted that, except m one instance, the e.xpected increase m the carbon 
dioxide content was fairly close to that actually observed, and in the 
averages of four instances cited there was a discrepancy of only 1 6 per 
cent. In the one mstance m which this discrepancy was considerably 
greater (— 13 4 volumes per cent) the explanation may be that only one 
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hour elapsed after the beginning of the injection and the taking of the 
next blood sample 

Acidosis associated with diarrhea, dehydration and oltguna 

This type of acidosis results from more complex factors than does the 
nephntic type As m the latter, there is always loss of fixed base from 
the body fluids There is also a loss of acid radicles, and m some in- 
stances water loss is so great that despite the loss of minerals from the 
body fluids the actual chloride and total base concentrations observed 
may be greater than normal Associated with the dimimshed volume 
and flow of the blood, there is a dtmmished urinary secretion, and while 
It lasts the same factors that contribute towards the formation of aadosis 
seen in chronic renal insufficiency are at work Occasionally, particularly 
in the restless infant or the infant with convulsions, lactic acid accumu- 
lates in the body fluids Such an accumulation is looked upon as due 
essentially to anoxemia, which seems due largely to the reduced blood 
flow Aside from these considerations another factor should be men- 
tioned, at least At autopsy evidence of liver damage is frequently noted 
in this type of patient It is quite possible that such hver damage might 
interfere with the normal metabohsm of lactic and diffusmg from the 
muscles mto the blood stream 

In Table 2 are mcluded all the results to date of the treatment of this 
type of acidosis with carefully measured amounts of the racemic lactate 
preparation ‘ It should be noted that in all six instances, although an 
increase in the carbon dioxide content occurred, which brought the pa- 
tient well out of the danger zone of aadosis, nevertheless, the observed 
nse fell short of that predicted The discrepancy vaned from 5 5 to 
24 9 volumes per cent, the average being 12 1 volumes per cent. 

There are probably a number of factors contnbuting to this discrep- 
ancy Because of the dehydration of the body the administration of a 
watery solution of sodium lactate will tend to dilute the body flmds, and 
by dilution to reduce the concentration of the salts (mcluding sodium 
bicarbonate) present. Then, as has been shown previously (2) aadosis 
of this type is frequently uncompensated and low pH values may occur 
With the partial restoration of sodium bicarbonate to the body fluids there 
would be of course a restoration of pH which would tend to cause a 
withdrawal of a certam amount of base bound to bicarbonate for combin- 
ation with other ions, such as protein In addition to these factors, the 

' The use of the mixture of sodium r lactate and hypotonic Ringer's solution 
made by Eh Lilly and Company and designated as Physiological Buffer Salta 
Solution has been routme in the wards of the SL Ixiuis Children s Hospital for 
more than two years Use of this very much larger amount of material in 
this paper is impossible because of the immraal amount of blood chemistry 
study which seemed required m the successful treatment of these patients 
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TABLE 2 


Effect of intravenous administration of sodium r-laclate on plasma COj content 
Cases of acidosis associated with diarrhea — dehydration — ohgurta 
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5, 

1930 

95 

64 

80 

29 5 

49 8(2) 

56 5 

- 67 

H-479 

9 

February 

28, 

1931 

70 

47 

60 

23 6 

46 5(3) 

52 4 

- 59 

H-669 

1 

March 

14, 

1931 

27 

1 8 

30 

23 9 

43 8(3) 

61 2 

-17 4 
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age == 
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onginal cause of the acidosis, the diarrhea entailing the loss of gastro- 
intestinal secretions, continues to be effective, so that while aadosis is 
being relieved by administration of alkali, some of this restored alkali is 
being excreted out into the lumen of the bowel 

An interesting pomt, which has come to light in the treatment of this 
type of acidosis, concerns the behavior of the lactic acid concentration 
of the blood of such cases Even though lactic acid may be abnormally 
high before the injection of sodium r-lactate, normal values are usually 
seen two or three hours after the injection The explanation, in all 
probability, lies in the effect of the increased blood flow on utilization of 
lactic acid Occasionally, however, m the presence of marked disturb- 
ance of circulation which persists after the admmistration of fluids, the 
metabolism of lactate seems delayed In such cases the admimstration 
of oxygen by means of the oxygen tent seems of value in hastening oxida- 

tion . 

Another point of extreme interest is the fact that the metabolism oi 

sodium lactate may be accomplished right up to the point of death 
Thus, Case G-2058 was dying from a hemolytic streptococcus septicemia, 
mastoiditis and pyuria when the test was begun (for the therapeutic 
purpose of relieving the acidosis) Although the patient died about four 
hours after the admimstration of the sodium lactate, the plasma carbon 
dioxide content had increased from 27 5 to 44 6 volumes per cent dunng 
the first half of this period Similar phenomena were encountered in 
Case G-2127, death here also being due to infection and occurring within 
twelve hours after relief of aadosis, followmg the lactate admmistration 
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Severe diabebc aadosis js also due to complex causes (3) One factor 
of importance is, of course, the accumulation of the organic acids which 
tend to displace the bicarbonate ion from combination with base Other 
significant factors are, however, the loss of fixed base from the body fluids, 
which occurs during the period of polyuna and of vomitmg, and the later 
effect of anhydremia on renal function, which is similar to the effect of 
anhydremia in the dehydrated infant with diarrhea, that is, essentially 
there is renal insufficiency which permits phosphoric and sulphuric acid 
to accumulate and which prevents excretion of these anions and others, 
such as chlonde and the ketone acids, free of base or bound to ammoma 
In addition to these factors there is, of course, the altered carbohydrate 
metabolism, secondary to insulm insuffiaency 

In Table 3 are recorded the results to date of the treatment of this 
type of acidosis with sodium r lactate. If we consider first the results 
obtained when no msulm was administered simultaneously, we note that 
in Case G 1214 who was not m a very critical condition, the nse of the 
carbon dioxide content of the blood after three hours was somewhat m 
excess (8 8 volumes per cent) of that predicted In all probability, 
therefore, in addition to complete release of base bound to the lactate ion, 
base was also released from other amons In Case G 2520, however, the 
observed carbon dioxide content was 16 6 volumes per cent less than ex- 
pected In this instance the aadosis was more severe and the factors 
induang the production of aadosis were apparently operating more in- 
tensively In this instance, also, there was dimcally more dehydration 
and less diuresis 


TABLE 3 

Efca oj inlroKnovs admtnistratton of sodtum r laotate on platma COi conitnl 
Cases of aadosis ossodated mih dusbetes mettttus 
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water 
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— 1 
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G-12U 

7 

25 ± 

16 8 

120 

348 

59 6(3) 

508 

+ 88 

No insolln given 

G-2S20 

12 

35 0 1 

23.5 

235 

25 4* 

31.2*(2) 

47 8 

-16 6 

No inaulin given 

G-1313 

2 


67 

80 

29 7 

56 9(3) 

56 4 

1+ OJ 

15 units ioauUn given 

H 10S4 

12 

1 

,33 7 

^22 4 

210 

15 0 

42 0(2) 



40 units insulin given 

G-463 

11 

45 ± 

in 

630 

8.5 

34 8(2) 

56 0 j 

- 21.2 

100 umts insulin given 
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. -4J 
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If we turn next to the two instances m which insulin was given along 
with sodium r-lactate, we find that in one case (G-1313), moderately 
severe acidosis was completely relieved and the observed nse in the 
carbon dioxide content was almost identical with that predicted In 
another (H-1054), the carbon dioxide content rose from 15 to 42 volumes 
per cent m two hours, the increase being 6 volumes per cent more than 
expected In case G-483, however, we find that a marked discrepancy 
occurred and a much lower carbon dioxide content was observed than 
predicted, even though two hours had elapsed after the injection of lac- 
tate In addition to the very marked dehydration and acidosis a number 
of factors seemed responsible for this discrepancy An unusually large 
dose of lactate was given (14 cc molar per kilogram of body weight) 
Two hours after the injection the blood lactic acid was still 100 mgm per 
100 cc At this time the body temperature had risen to 42 8° C , and 
the pulse was so rapid that it could not be accurately counted Two 
hours later, without regaining consciousness, the patient died At the 
time of death, approximately four hours after the administration of the 
lactate, the blood lactic acid was still elevated, 55 mgm per 100 cc The 
carbon dioxide content at this time was 36 8 volumes per cent In all 
probability the hyperpyrexia was the result of the specific dynamic action 
of lactate in stimulating metabolism, and to us it seemed that it was an 
important factor in causmg death, although the patient was desperately 
ill before treatment was started Until further studies have been made 
upon the effect of heat production from lactate administration, we feel 
that a dose of 7 cc of molar solution per kilogram of body weight should not 
be exceeded, particularly m the diabetic subject who also receives insuhn 
In Table 4 are included data which indicate the effect of the intraven- 
ous administration of sodium bicarbonate on the plasma carbon dioxide 
content of patients with different types of acidosis In general, the same 
type of agreement and discrepancy between the predicted and the ob- 
served carbon dioxide contents were noted 

From the data discussed above it seems that one can predict fairly 
well the effect of any given dose of sodium r-lactate on an individual with 
aadosis, providing the dose is not so large as to let too marked alkalosis 
develop, which would complicate matters In applying this data so that 
It might be of assistance clmically, we have calculated in the following 
manner the dose of molecular sodium lactate or bicarbonate necessary 
in individual cases to restore any observed carbon dioxide content of the 
body fluids to normal within a penod of two to three hours 

1 Body water (blood, lymph, spinal fluid, muscle water, etc ) equals 60 

to 70 per cent (approximately two-thirds) of body weight 

2 BHCOb of entire body water approximates BHCOj of plasma 

3 One cc molecular NaHCOj per liter of body water equals 2 24 cc of 

CO 2 per 100 cc (2 24 volumes per cent CO 2 ) 



TADLB 4 

Effect of trUravtrums adminulmtum of NaSCOt on phsma COt content 


ALEXtS F HARTMANN AND MILTON J E SENN 


343 


1 

Acute ‘‘pytUds no renal xnsuffiaency 

Marked kctoaxs glucose also administered 

Marked renal InsufEaency Ringer^s aolution also ad 
ministered 

Diarrhea, dehydration and obguna 

Diabetic coma msuUn also administered 

Diabetic coma insulin also administered 

Diabetic coma insulin, glucose and Ringers solution also 
administered 
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4 

5 


Therefore, expected increase in volumes per cent CO 2 equals 
2 24 X cc molecular NaHCOa or Na lactate 
liters body water 

Or, dose of molecular NaHCOa or Na lactate to increase CO 2 content of 
body water to 60 volumes per cent equals ^^24*^^^^^^ 


X liters body water A more workable expression of this equation 
IS, dose of molecular Na lactate equals (60 — CO 2 content) X (0 3 
X body weight in kgm ) 


We feel that this method of calculating the dose of molar sodium r-lacate 
IS perfectly safe as regards the treatment of nephntic acidosis, as ob- 
served values will agree closely to those predicted In the case of acidosis 
associated with diarrhea, dehydration and ohguna, the observed increase 
will be less than the predicted, but in all probability, sufficient to bnng 
the patient well out of the danger zone In the case of diabetic acidosis 
the other measures of value in the treatment of acidosis, such as adnunis- 
tration of insulin, carbohydrate and Ringer’s solution, should, of course, 
be earned out In this type of acidosis, because of the synergistic effect 
of msulin, the dose of sodium lactate calculated to raise the carbon dioxide 
content IS to 20 volumes per cent should be sufficient and should not result 
in a dangerous increase in heat production 


SUMMARY AND CONCLUSIONS 

The response of subjects with acidosis to the intravenous injection of 
sodium r-lactate was studied, with the following results 

1 Sodium r-lactate is metabolized m practically a normal fashion in 
subjects with acidosis 

2 In the three chief types of acidosis (nephritic, diarrheal and 
diabetic) the increase in the carbon dioxide content of the blood can be 
fairly accurately predicted 
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STUDIES IN THE METABOLISM OF SODIUM r LACTATE III 
RESPONSE OF HUMAN SUBJECTS WITH LIVER DAMAGE, 
DISTURBED WATER AND MINERAL BALANCE, AND 
RENAL INSUFFICIENCY TO THE INTRAVENOUS 
INJECTION OF SODIUM r-LACTATE 

By ALEXIS F HARTMANN and MILTON J E SENN 

{From the Department of Pedtalncs Washtn[ton XJnrvereily School of Medicine, and the 
St Lome Children t Hospital St Loins) 

(Received for publication September 10, 1931) 

Since the complete metabolism of sodium r-lactate mvolves to such a 
great extent hepatic and renal activity, it should naturally be of mterest 
and importance to study the response of subjects with hver and kidney 
damage 

Aculd catarrhal jaundtce 

Up to the present time we have been able to study four cases of acute 
hepatitis of the type more commonly known as acute catarrhal jaundice 
As may be noted from Table 1 and Chart 1, the rate of disappearance of 
lactate from the blood was considerably delayed m the subjects with 
jaundice as compared with the normal Increase in glucose m the 
blood was less rapid and less marked A slight delay m the rise of the 
carbon dioxide content of the blood was also noted, the peak coming at 
the end of the second hour in two instances, and at the end of the fourth 
hour in one. In order to compare these data graphically with the 
normal, the results of Cases H-1130, F-2131 and H-925 were averaged 
because of their more complete data and because the dose of molar 
sodium r-lactate was approximately the same in each mstance, averaging 
almost exactly 7 cc per kilogram of body weight For the graphic 
presentation of the normal subjects Cases G-336, G-1982, F-2131 and 
H-92S were selected for simil ar reasons The average dose of molar 
sodium r-lactate m this group was 6 75 cc per kilogram of body weight 

Hemolytic jaundice 

The response of Case G-2473 (Table 2) resembled that of the patients 
with acute hepatitis m the delayed blood carbon dioxide content peak 
This patient had just recovered from a "cnsis” of abdonunal pam, fever 
and vomiting The liver was enlarged, its edge readung the level of the 
umbihcus In aU probabihty some impairment of hver function was 
present. 
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TABLE 1 
Acute hepahUs 
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TABLE 1 (conltnued) 



P = Oxalated plasma 

t Indicates the end of the interval (m minutes) during which urine was collected 














TABLE 2 

MtsctUaneotts casts 
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* Diluent = Ringer's solution (R) 

t Indicates the end of the interval during which unne was collected 
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Chart 1 Comparison of Response of Normal Subjects and Subjects 
With Acute Hepatitis to the Intravenous Injection of 
Sodium t-Lactate 
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Anhydremta and hypochlortdetma secondary to acute pyelonephrUts 

In Case H-69S (L H ) we were able to study a rather severe unnary 
tract infection of the acute pyelonephntic variety with a secondary 
disturbance of water and mineral balance At the begmmng of the study 
on March 18, 1931, the patient was dehydrated from previous vomiting 
and fever and showed the effects of loss of gaatnc jmce m the dimmished 
serum chlonde content (491 mgm per 100 cc ) The nonprotein mtrogen 
was markedly elevated (160 mgm per 100 cc), and the standard urea 
clearance (Van Slyke) was 64 per cent of the normal The carbon 
dicrade content was at the upper limits of normal (63 volumes per cent) 
The unne was entirely free from chlonde, bicarbonate and lactic aad 
We predicted in this case that the mjection of the usual amount of 
sodium r-Iactate would be followed by a persistent alkalosis with con 
tinued aad unne, because of the initially low electrolyte content of the 
blood (due to loss of chlonde) and that later by givmg chlonde the 
bicarbonate could be made to enter the unne and alkahnire the latter 

As may be noted from Table 3, the first half of our prediction was 
realized, the carbon dioxide content rose and was still 100 volumes per 
cent 16 hours after the admimstration of the lactate The unne in the 
meantime remained aad, the highest carbon dioxide content bemg but 13 
volumes per cent 

The following day, after the mtravenous admimstration of 900 cc. 
of Ringer's solution, the plasma carbon dioxide content began to fall, as 
expected In its excretion mto the unne, however, base must have been 
claimed by aads other than bicarbonate, as the bicarbonate content of 
the unne remamed pracbcally at zero It does not seem improbable, 
since nonprotan mtrogen was fallmg rapidly in concentration m the 
blood, that aad radicals were also bang exaeted, dainung the base 
released by bicarbonate. 

Renal insufficiency secondary to chronic pyelonephritis 

In Case G-198 (Table 4) we had the opportumty to study the response 
of a patient with marked renal msuffiaency secondary to long standing 
cystitis and obstruction of the bladder neck. As discussed previously, it 
IS easy to relieve the aadosis of this type of case by admimstenng properly 
a calculated dose of sodium r-lactate After this was accomplished on 
February 6, 1931, we repeated the admimstration of the lactate. Theo 
retically the imbal carbon dioxide content of 43 1 volumes per cent 
should have been raised to 71 1 volumes per cent. Actually, this exact 
concentrabon was reached after one hour and mamtamed during the 
second hour After four hours, however, the carbon dioxide content had 
dimmished to 61 0 volumes per cent. This fall was not attended by any 
increased alkalimty of the urma It is mteresbng to note that a some- 
what similar late fall in the carbon dioxide content of the blood occurred 



TABLE 3 

Acute pyelonephnhs wtili anhydremta and hypochlondemta 
{Case 11-695 Female, age 8 years, •wetglU 23 kgm ) 
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Chrantc pyehmphntts vnlh renal insufficiency 
(Case G-J98 Male, age 7 years, weight 16^ kgm ) 
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m the two previous instances of lactate administration in this case, even 
though the carbon dioxide content had not been brought into the zone of 
alkali excess Complete mineral balance expenments will have to be 
done before we can be certam as to the mechanism by which such excess 
base disappears from the blood of such 6 ub 3 ectB 

SUMMARY AND CONCLUSIONS 

The response to the mtravenous mjection of sodium r lactate of 
patients with acute hepatitis, acute and chrome pyelonephritis and 
rmscellaneous diseases was studied, with the following results 

1 In the four cases of acute catarrhal jaundice studied there was a slight, 

but definite delay in the complete metabolism of the lactate. 

2 In the case of anhydremia and hypochlondemia secondary to acute 

pyelonephritis because of initial low electrolyte concentration of 
the body flmds the base released from lactate was held as bicarbon- 
ate, causing persistent alkalosis, which was then reheved by 
administration of chlonde, 

3 In a smgle case of marked renal msufiiaency secondary to chronic 

pyelonephntis, alkalosis was of no greater duration than in the 
normal subject 




A CELLULOID CAPSULE FOR MEASURING 
VENOUS PRESSURES 

By a. KROGH, a. H TURNERS and E M LANDIS' 

(From the Latoralory of Zoophynology Umvernly of Copenhoien Coptnhagon, Denmark) 
(Recewed for publication November 3 1931) 

The methods of determining human venous pressure directly by 
venous puncture and indirectly m vanous ways have been reviewed by 
Eyster, 1926, 1929 Among the indirect methods that of applymg a 
capsule to a superfiaal vein has been most used The air mthm the 
capsule IS raised to a pressure auffiaent to collapse the vein, a pressure 
therefore estimated approximately equal to the blood pressure within the 
vein The capsules used have been of two lands, (1) a capsule held by 
hand against the skm with the help of a glycerme coating, with the vem 
seen either through a transparent membrane (Camer and Rehberg, 1923) 
or through a hole in a thin rubber membrane (Eyster, 1929) , (2) a glass 
capsule with no membrane but attached to the skm around its penphery 
by collodion (Hooker, 1916) Though these capsules have been very 
useful, difficulties have been recognized m makmg accurate deterim 
nations At best it is not easy to be sure of the exact end point and any 
membrane through which the vein must be observed lessens visibihty 
In an attempt to measure the high venous pressures m the feet of standing 
subjects it was found impossible to hold either type of membrane capsule 
against the skin with suffiaent steadmess to secure trustworthy figures 
An attached glass capsule, however, is too ngid to fit veins varying in size 
and arrangement The skm around and inside such a capsule, also, is 
deformed conspicuously if a high pressure must be used 

The descnption of a new capsule and a counterweighting clamp which 
obviate these difficulties is the purpose of this paper The essential 
features of construction and use are these. The capsule is made of 
celluloid which permits the cutting of notches to fit any vein Its 
construction is so simple that a dozen may be made m an hour A 
considerable length of vem is under observation By a clamp for 
counterweightmg there is freedom from the skm deformation madent 
to any attached capsule at high pressures Comparable serial readmgs 
are possible through any length of tune 

1 Sarah Berliner Fellow of the American Assoaation of University Women, 
1930-1931 

* Fellow of the John Simon Guggenheim Memorial Foundation 
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VENOUS PRESSURE 


The capsule and its damp are shown m Figure 1 In making the 
capsule, A, a nng 1 cm wide is cut from cdluloid tubing ^ 2 5 cm in 
diameter wuth a wall thickness of 1 mm To this a cover of sheet celluloid, 
B, IS cemented by acetone The shape of the capsule is made con- 
veniently oval by compressing the nng as the cover is cemented on A 
tube 3 mm in diameter is cemented into a hole bored in the nm, for 



Fig 1 Capsule and Counterweighting Clamp Used for Determination 

OF Venous Pressure 

For descnpbon, see text 

communication vnth the pressure apparatus through the rubber tube, C 
While the capsule is drymg it is so placed as to be fredy open to the air 
since acetone vapor lessens the transparency of the celluloid top The 
advantages of celluloid as compcired with glass are not only its unbreak- 
abihty and the easy manufacture of new capsules but the fact that 
notches, D, can be cut in it to fit any conformation of veins 

Observation of low venous pressures 

For the true reading of venous pressures the vein chosen must be 
separated from a firm underlying bony support by as little intervening 
tissue as possible The capsule was so placed that the best portion of the 
vem chosen for observation was in the imddle of the inclosed area The 
capsule n^as cemented to the skin by a rather t hick solution of collodion 

* Celluloid tubing of different sizes can be procured from Deutsche Celloid- 
fabnk, Eulenburg, Sachsen, Germany Other laboratory uses for these celluloid 
products are suggested by Krogh and Lange, 1930 
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For low pressures a single coat and a drying time of ten minutes were 
found suffiaent The capsule was easily held in place dunng drying by 
the clamp to be described below For pressures up to 30 or 40 cm of 
w ater a water manometer can be used Pressure was applied by a thick- 
walled rubber bulb without valves Compression was well-controlled by 
a screw clamp between the jaws of which the bulb was supported 
Removal of the capsule at the end of the observations was effected by the 
aid of ether and alcohol which, however, was not allowed to touch the 
transparent top of the capsule 

The end point used m our detemunations was not the mere collapse of 
the vein for it was difficult to tell when this was complete When the 
skin was suffiaently transparent the end point was taken at the level 
where the thin blue line marking a very small amount of blood flowmg m 
the flattened vein first reappeared after it had been dnven out by a 
somewhat higher pressure By a slight movement of the compressing 
screw up and down or, more effectively, by sharp pinches on the tube 
leading to the capsule small qmck changes in pressure of about 1 to 1 5 
cm were made As the vein was watched dunng this manoeuvre, 
usually with oblique hghting, the disappearance and reappearance of this 
last thin stream of blood could be determined with considerable accuracy 
If the tissues were less transparent the to and fro movement of the wall 
of the vein as distmct from the movement of the whole area of skin under 
the capsule was used as a cntenon 

The vahdity of these determinations of relatively low pressure was 
tested by putting vanous pressures on the upper arm through an armlet 
with a rubber bag of ample size, 50 X IS cm Such an application of 
pressure is well known to raise the pressure of the blood in the veins below 
the armlet to a height approximately equal to the pressure applied In a 
long senes of expenments m which it was necessary to know venous 
pressures (Krogh, Landis and Turner, 1932) armlet pressures from IS to 
30 cm of water were checked many times and venous pressures m the 
hand vems found to correspond with great fidehty The vanabon from 
the armlet pressure was rarely more than 1 cm 

ObsemUtons of high venous pressures 
For detemunmg high venous pressures such as those found m the 
vems of the feet dunng sittmg or standing some modificationB of procedure 
were made In cementing on the capsule it was necessary to use two or 
three coats of collodion and to allow a much longer drying tune, fully a 
half hour A mercury manometer was used m connection with a large 
rubber bulb which was compressed by a screw clamp as before. The 
same techmc for determimng the end point was used as for low pressures 
though the zone of error was probably wider 

When pressure withm the capsule is 30 mm Hg or more there is 
usually obvious distortion of the skin withm and around the capsule, 
24 
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though to a degree varjang in different subjects and situations according 
to the looseness of the skin and underlying tissues This cupping of the 
skin tends to faalitate the passage of blood under the capsule and thus to 
necessitate for obliteration of the flow a capsular pressure higher than the 
true venous pressure To prevent error due to this cause the clamp 
shown in top and side views in Figure 1 was devised This was applied 
to the capsule with a pressure approximately equal to the expected venous 
pressure thus holding the capsule down and preventing sfan deformation 
Blood flow was not affected because of the notches in the capsule The 
clamp was made and graduated thus A brass section, F, was made 
with jaws of a proper size to fit the capsule and with small vertical pieces, 
G, at the ends of the jaws to prevent lateral movement on the capsule 
Other small vertical pieces at nght angles to G, not shown m the figure, 
made the line of pressure on the capsule prease The section F was 
securely soldered and fastened by small bolts to a thin steel spring, H, 
which m turn was soldered fast into the handle, I The pressure of the 
clamp upon the capsule was obviously dependent upon the degree to 
which the spring H was bent This bending was measured by a graduated 
brass arc, J, which was attached to the handle as shown and which passed 
through a hole, K, in the brass section F The clamp was borne by a 
stand, L, mth a heavy base and its adjustment was easily controlled by a 
universal clamp, M The total length of the clamp was 27 cm 

In graduating the clamp its position was inverted and weights from 
100 to 600 grams, covering the range of probable need, were hung from 
the brass jaws along the line where pressure was usually exerted on the 
capsule The position of the spring for each additional hundred grams of 
weight was indicated upon the brass arc To determine the weight to be 
placed upon the capsule the probable venous pressure is estimated from 
the comparative levels of the vein in question and the heart, and such a 
weighting from the spnng is provided as will counterbalance the necessary 
pressure iinthm the capsule and maintain its natural relation to the skin 
Suppose, for example, that the vein is 60 cm below the heart, the venous 
pressure then may not vary greatly from this, let us say 60 to 65 cm 
water pressure (44 to 48 mm Hg) The surface of an oval capsule with 
an average diameter of 23 mm will be slightly less than 4 15 sq cm The 
weighting needed m this case to prevent deformation of the skm will be 
62 5 X 4 15 or about 260 grams From the size of the scale on the 
clamp It IS possible to apply pressures with an error of about 10 grams, a 
degree of accuracy entuely adequate For a few pressures suitable 
weightings for a capsule of the size mentioned would be as follows 

20 mm Hg venous pressure, 110 grams 

40 mm Hg venous pressure, 225 grams 

60 mm Hg venous pressure, 335 grams 

SO mm Hg venous pressure, 450 grams 
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The validity of the determinations at the higher pressures was tested 
by putting the pressures indicated in Table 1 on the upper arm by an 


TABLE 1 

Talfor tmporlanci of countenoetghtin^ mth uso of uUvlotd capsvU at htgh vcnoui presmra 
For dttcusnon ste text 


Armlet pretme 

1 C<nmtenreUht by damp 

[ Vcnon* pretjcre M determined 

Bt 

1 grams 

I mu*. Bt 

20 

' 120 

' 20 

20 

1 0 

[ 20 

40 

240 

39 41 

40 

0 

43 40 

60 

360 

59, 60 

60 

0 

62, 66 

80 

480 

80 

80 

0 

100, 94 


armlet. The hand vein to be observed was kept at heart height The 
pressure was apphed in each case five minutes before the determination 
of venous pressure was made in order to give venous pressure time to come 
into equihbnum with armlet pressure Counterweightmg was employed 
as indicated, calculated from the size of the capsule and the expected 
venous pressure. After a determmation was made at each pressure and 
while the intracapsular pressure remamed on, the weightmg clamp was 
gently removed Cupping of the skm was seen as the pressure of the 
clamp was taken off The vein was watched carefully for the entrance or 
lack of entrance of blood If blood wras seen to enter the vem, additional 
pressure was apphed to collapse the vem agam completely In other 
words a measurement was made of the error which would have occurred 
had there been no counterweighting in the first determmation The 
pressures given m the table are single determmations, not averages, and 
are all from one subject It will be seen that for 20 mm Hg there was no 
need of counterweightmg for 40 mm it perhaps was not required though 
it was clearly needed for another subject at this pressure, but for the 
higher pressures of 60 and 80 mm Hg there was a large and variable error 
without the counterweight The importance of counterweightmg for the 
accurate deternunation of the higher venous pressures is thus clearly seen 
It IS safer to use it as soon as skin distortion is apparent. 

Foggmg of the capsule is a frequent difficulty with any attached 
capsule when observations extend over a considerable period It is due 
to the condensation of water vapor on the under side of the top of the 
capsule and was avoided by keepmg the capsule warm A light pad of 
cotton wool applied between determmations was usually suffiaent but m 
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more persistent fogging a silver disc heated m a flame to a suitable 
temperature was laid gently upon the capsule until the fog was dissipated 

SUMMARY 

A celluloid capsule for the determination of venous pressures is 
descnbed This is very easily made and notches can be cut so that it will 
fit any arrangement of veins It is cemented to the skin with collodion 
When with high venous pressures the necessarily high intracapsular 
pressure would cause distortion of the skin and erroneous readings, the 
error can be avoided by the use of a counterweighting clamp, also de- 
scnbed Such a counterweight is usually needed for the measurement of 
venous pressures above 30 cm water pressure 
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Shaw and his assoaates (1, 2) demonstrated that the rate of cutaneous 
respiration in man is influenced principally by the temperature and 
humidity of the air in contact with the skm and by individual character- 
istics of different subjects The present mvestigation was undertaken to 
establish the range of carbon diovide ehmmation and o-rygen absorption 
through the skin in normal individuals of various ages under controlled 
conditions of temperature and relative humidity 

METHOD OF STUDY 

The apparatus and technical procedure were essentially the same as 
those employed by Shaw and Messer (2) in studying the effect of tempera- 
ture on the rate of cutaneous respiratory exchange The subject lay on a 
bed with the entire arm in a glass plethysraograph filled with room air 
kept at the saturation point by meruis of a moist woolen stocking worn on 
the arm The temperature within the plethysmograph vaned between 
26° C and 31° C in different experiments but was maintamed practically 
constant dunng mdmdual experiments by regulating the temperature of 
the room All experiments were made with the room temperature 
between 20° C and 26° C 

After a prelutunary mixing penod of 20 mmutes, a sample of gas was 
withdrawn from the plethysmograph Three hours later a second sample 
was collected The change m percentage concentration of carbon dioxide 
and oxygen multiphed by the total volume of gas in the system gave the 
volume of carbon dioxide or oxygen which had been gained or lost All 
quantities were corrected to standard conditions of temperature and 
barometric pressure, and the rates of carbon dioxide excrebon and 
oxygen absorption were expressed m terms of cubic centimeters per hour 
per square meter of skin surface. In order that the results obtained in 
different mdividuals should be comparable, all final quantibea were 
transposed by mterpolabon to the value they would have had if the 

' This investigation was aided by a grant from the DeLamar Mobile Re- 
search Fund of Harvard University 
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temperature of the air m the plethysmograph had been 27° C This was 
done in the following manner In each subject on whom three or more 
measurements of the rate of cutaneous respiration were made, the rates of 
carbon dioxide elimination and oxygen absorption in each expenment were 
plotted against the temperature of the air in the plethysmograph during 
that observation (Figure 1) Average straight lines were then con- 



TEMPERATURE DEGREES CENTIGRADE 

Fig 1 Illustrates the Method for Transposing the Observed Values 
FOR Cutaneous Respiration to their Values at 27° C 

Each charted point represents the rate of carbon dioxide elimination or 
oxygen absorption observed at the indicated temperature The data obtained 
in two patients are presented and demonstrate the individual vanations in the 
effect of temperature on cutaneous gas exchange in normal subjects 

structed from the charted points Shaw and Messer (2) have demon- 
strated that at temperatures below 34° C the rate of cutaneous respiration 
xmiies directly with the temperature of the air in contact with the skin 
The rate of gas exchange through the skm at 27° C in our subjects, 




A CARLTON ERNSTENE AND MARIE C. VOLK 


365 


therefore, was indicated by the height of the constructed lines at 27° C 
In those subjects on whom only two measurements of cutaneous respi- 
ration were made, the results were transposed to their value at 27° C by 
using the average correction per degree rise in temperature for the entire 
group 

The rate of cutaneous respiration was measured on three or more 
occasions in the majority of the subjects, the observations on each 
individual being made on successive days whenever possible. In 20 
subjects, two or more experiments were made under practically identical 
conditions of temjierature In four individuals, the rate of cutaneous 
respiration in the two arms was compared and in three, measurements 
were repeated at intervals over a penod of two to several months All 
observations were made between November 1, 1930 and June 2, 1931 

In 17 subjects, the rate of oxygen absorption through the lungs was 
determined durmg the estimation of the rate of cutaneous respiration 

RESULTS 

One hundred and twenty-one measurements of the rate of cutaneous 
respiration were made in 38 individuals between the ages of IS and 75 
years Twelve of the subjects were females and 26 were males The 
arterial blood pressure was within the hrmts of normal in all, and none 
presented lesions of the skin or evidence of respiratory, circulatory or 
metabolic disturbances The erythrocyte count and hemoglobm content 
of the blood were within the limits of normal in all A few of the elderly 
mdmduals showed shght to advanced sclerosis of the penpheral arteries 

The range of cutaneous resptraiton in normal subjects A summary of 
the observations on each subject together with the maximum, minimum 
and average values recorded for the entire group are presented in Table 1 
The rate of carbon dioxide elimination per hour per square meter of skm 
surface at 27° C varied in different individuals from 58 cc. to 169 cc. with 
an average value of 120 cc The rate of oxygen absorption per hour per 
square meter of skm surface at 27° C averaged 88 cc. and vaned m 
different mdmduals from 40 cc to 146 cc. The respiratory quohent of 
cutaneous gas exchange at 27° C averaged 1 4 and vaned between 1 1 and 
20 

Frequency distnbution diagrams of the values for carbon dioxide 
ehmination, oxygen absorption and respuatory quotient are presented in 
Figures 2 and 3 In 31 of the 38 subjects, the rate of carbon dioxide 
elinunation vaned between 100 ca and ISO cc. per hour per square meter 
of skm surface, while m 29 mdividuals the rate of oxygen absorption 
vaned between 60 cc. and 120 cc. per hour per square meter of skin 
surface. In 26 subjects, the respiratory quotient was between 1 2 and 
1 6 

Variations in the efecl of temperature on the rate of cutaneous respiration 
The increase m carbon dioxide ehmmation with each degree nse in 
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TABLE 1 


Cutaneous resptrahon in normal subjects at Z7° C 


Subject 

Sex 

Age 

COj excreted 

Oj absorbed 

■ COj 
O i 

Temperature in 
plethysmograph 

Per 

hour 

per 

square 

meter 

Increase per 
degree rise 
in 

temperature}; 

Per 

hour 

per 

square 

meter 

Increase per 
degree rise 
in 

temperature} 

Experi- 

ment 

1 

Experi 

ment 

2 

Experi- 

ment 

3 



Scor5 


cc 

CC 

CC 


•C 

•c 

•C 

1 

F 

15 

117 


74 


1 6 

29 0 

29 0 

21 S 

2 

M 

IS 

mm 


82 


14 

26 3 

27 4 


3 

M 

16 

mm 


63 


20 

29 8 

28 2 


4 

F 

17 

134 


87 


1 5 

29 9 

30 0 


5 

F 

17 

129 


100 


1 3 

27 8 

29 0 


6 

M 

19 

142 

4 

96 

5 

1 5 

29 2 

27 6 

28 9 

7 

M 

19 

143 


116 


1 2 

30 8 

29 4 


8 

M 

20 

130 

13 

91 

12 

14 

29 3 

28 5 

30 2 

9 

F 

22 

140 

9 

100 

8 

1 4 

28 1 

29 6 

26 9 

10 

F 

22 

169 

16 

146 

17 

1 2 

27 5 

24 3 

28 6 

11 

F 

22 

140 

16 

121 

18 

1 2 

26 7 

27 6 

26 4 

12 

M 

23 

100 

2 

59 

3 

1 7 

27 5 

27 9 


13 

F 

24 

93 

1 

64 

2 

1 5 

29 2 

29 9 

29 5 

14 

M 

24 

107 

4 

84 

4 

1 3 

29 0 

28 4 

28 2 

IS 

M 

24 

103 


85 


1 2 

30 0 

28 8 

29 1 

16 

M 

24 

101 


76 


1 3 

26 5 

26 6 

28 4 

17 

F 

24 

131 

7 

119 

7 

1 1 

28 1 

304 

27 2 

18 

F 

24 

143 

18 

115 

16 

1 2 

28 3 

27 6 

25 9 

19 

M 

24 

156 


138 


1 1 

29 6 

28 4 

27 7 

20 

M 

25 

147 

5 

110 

4 

1 3 

29 8 

28 0 

28 6 

21* 

M 

26 

58 

5 

40 

4 

1 5 

26 7 

27 7 

28 8 

22 

F 

30 

104 

6 

75 

8 

1 4 

27 9 

27 2 

28 0 

23 

M 

30 

135 

2 

89 

7 

1 5 

29 2 

27 6 

28 6 

24 

M 

33 

129 

11 

111 

6 

1 2 

27 0 

28 1 


25 

M 

35 

129 

7 

77 

7 

1 7 

29 1 

30 0 


26 

M 

36 

139 

3 

125 

4 

1 1 

30 0 

30 2 

29 3 

27 

M 

44 

84 

8 

54 

2 

1 6 

314 

30 3 

28 9 

28 

F 

45 

127 


83 

6 

1 5 

27 2 

28 6 


29t 

M 

48 

72 


48 

9 

1 5 

26 6 

26 4 

25 1 

30t 

M 

50 

106 


55 

7 

1 9 

1 29 4 

29 7 


31t 

t M 

50 

120 


65 

17 

19 

28 9 

30 3 


32 

1 F 

51 

136 


118 

15 

1 2 

27 5 

26 2 

27 3 

33t 

M 

53 

101 


81 

6 

1 2 

27 8 

29 6 

28 3 

34 

M 

57 

109 


60 

7 

18 

29 2 

29 8 

29 5 

35 

M 

61 

124 


75 

5 

1 7 

28 4 

28 4 

29 5 

36t 

M 

64 

117 

14 

96 

5 

1 2 

27 8 

27 7 


37t 


70 

118 


81 


1 5 

26 3 

29 0 


38t 


75 

95 

11 

81 

8 

1 2 

28 5 

28 6 


Maximum value 

169 

18 

146 

18 

20 




Minimum value 

58 

1 

40 

2 

1 1 




Average value 

120 

8 

88 

8 

14 



■ - 


* From Shaw and Messer (2) 

f Subjects having moderate or advanced arteriosclerosis 
J The increase in the rate of carbon dioxide elimination and oxygen absorp- 
tion per degree nse in the temperature of the air in contact with the skin is given 
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temperature of the air m contact with the skin averaged 8 cc. per hour per 
square meter of skin surface and vaned in different subjects from 1 cc to 
18 cc (Table 1) The increase in oxygen absorption with each degree rise 
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CC PER HR. PER SQ M 

Fig 2 Frequency Distribution Diagrams op the Values for Carbon 
Dioxide Elimination and Oxygen Absorption at 27° C in Normal 
Subjects 


m temperature of the air in contact with the skm vaned in different 
subjects from 2 cc to 18 cc with an average value of 8 cc. per hour per 
square meter of skin surface 

Vartalions tn repeated measurements of the rate of cutaneous respiration 
in the same individual In those subjects in whom two or more measure 

for those subjects in whom three or more measurements of the rate of cutaneous 
respiration were made In those subjects on whom only two measurements 
were made, the results were transposed to their value at 27° C by using the 
average correction per degree nse in temperature for the entire group 





368 


CUTANEOUS RESPIRATION IN NORiUL SUBJECTS 


ments of cutaneous respiration were made under practically identical 
conditions of temperature, small but significant vanations were recorded 
(Table 2) The average variation m the amount of carbon diovide 
eliminated was ± 3 cc per hour per square meter of skin surface, and the 
maximum vanation was i 10 cc The average vanation in the amount 
of oxygen absorbed was ± 5 cc per hour per square meter of skin surface, 
and the maximum vanation was ± 15 cc The average vanation in the 
respiratory quotient was ±0 1, and the maximum vanation was ±03 
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RESPIRATORY QUOTIENT 


Fig 3 Frequency Distribution Diagram of the Values for Respiratory 
Quotient at 27° C in Normal Subjects 


Rate of cutaneous respiration in the two arms No constant difference 
was observed in the rate of cutaneous respiration in the two arms (Table 

3) 

Effect of season on the rate of cutaneous respiration In the subjects on 
whom measurements of cutaneous respiration were repeated at intervals 
over a penod of two to eight months, no evidence of seasonal vanations 
in the rate of carbon dioxide excretion and oxygen absorption was 
observed (Table 4) 

Effect of sex on the rate of cutaneous respiration No constant difference 
m the rate of cutaneous respiration was observed in the two sexes (Table 
1 ) 

Effect of age on the rate of cutaneous respiration The rate of carbon 
dioxide elimination and oxj’^gen absorption tended to be greater in 
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individuals below the age of 40 years than in those above that age 
(Table 5) In the subjects over the age of 40 years, the rate of cutaneous 
respiration tended to be lower in individuals having moderate or advanced 


TABLE 2 

Variattons tn the rate of cutaneous resptraium under pradtcally tdenttcal condilxons of 
temperature* and humidity 


Subject 

Vfcriatlou In 

COi excreted 

VftriaUon In 

Oi absorbed 

VaxiatloQ In 
retplimtofy Quotient 

Tempcnture In 
plethjtmosrmpb 

1 

cc Per hour per 
t^nare meter 

± 1 


±01 

C 

29 0 

4 

tfc 

3 

±1S 

±0J 

30 0 

6t 

db 

6 

± 9 

±01 

30 0 

11 


3 

± 6 

±00 

26 6 

12 


0 

± 2 

±00 

27 7 

13t 

=fc 

0 

± 13 

±03 

29.S 

14 

=b 

1 

± 2 

±00 

28 3 

IS 

=h 

1 

± 0 

±00 

29 0 

16 


10 

± 8 

±00 

26 6 

22 


3 

±13 

±0J 

28 0 

23t 

ab 

3 

d: 0 

=b 00 

29 8 

26 

ab 

0 

± 8 

±01 

301 

29 

d= 

S 

± 4 

± 0 1 

26.5 

30 

± 

5 

± 1 

±00 

29 6 

32 

ab 

7 

± 4 

±00 

27 4 

33 

± 

3 

± 0 

±00 

28 1 

34t 

ab 

3 

db 3 

±01 

29.5 

35 


7 

± 4 

±00 

284 

36 

± 

2 

± 1 

±00 

27 8 

38 

± 

1 

±10 

± 0 1 

28 6 

Average 

at 

3 

± 5 

± 0 1 



* The maximum difference in temperature m the plethyamograph dunng 
the two (or three) expenmenta on one subject was 0 5° C The temperatures 
given in the table represent the average for the two (or three) measurements 
on each individual 

t Indicates that the figures given are for the maximum vanabons observed 
in three expenmenta All other figures are for the vanabons observed in two 
expenmenta 

t Indicates that the interval between the collecbon of samples was two hours 
instead of three. 

generalized artenosclerosis than in those presenting slight or no evidence 
of artenosclerosis (Table 6) These relations were not exact m individual 
instances 

Relation between the rate of respiratory exchange through the lungs and 
the rate of cutaneous respiration In 17 subjects, the average amount of 
oxygen absorbed through the lungs was 7 78 liters per hour per square 
meter of body surface. At 32° C , the approximate normal temperature 
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of the skin, the average calculated amount of oxygen absorbed through the 
skin m these individuals was 152 cc per hour per square meter, or 1 9 
per cent of that absorbed through the lungs In individual subjects no 
prease relationship was observed between oxygen absorption through the 
lungs and oxygen absorption through the skin 

TABLE 3 


Compansons of the rate of cutaneous respiration in the two arms * 


Sub 

I COj excreted j 

j Ojebsorbed ^ 

Remarks 

ject 

Right ' 
arm | 

Left 

arm 

Right ' 
arm j 


6 

1 

u 

146 

cc. 

139 

cc 

98 

CC 

95 

Values for nght arm are the average of five expenments, 

1 those for the left arm the average of seven measure- 
ments 

9 

135 

142 

87 

105 

Values for right arm are the average of three experi- 
ments, those for the left arm the average of six 
measurements 

22 

101 

106 

90 

66 

Values for nght arm are the results of one expenment, 
those for the left arm the average of two measure- 
ments 

23 

143 

129 

94 

84 

Values for nght arm are the average of three expen- 
ments, those for the left arm the average of four 
measurements 


* Calculated in cubic centimeters per hour per square meter of skin surface 
at 27° C 


If It is assumed that the average quotient of respiratory exchange 
through the lungs in the above subjects was 0 82, then the average 
calculated amount of carbon dioxide excreted through the lungs was 6 37 
liters per hour per square meter of body surface At 32° C the average 
amount of carbon dioxide excreted through the skin in these individuals 
was 175 cc per hour per square meter, or 2 7 per cent of that excreted 
through the lungs In individual subjects no prease relationship was 
observed between the amount of carbon dioxide eliminated through the 
lungs and the amount excreted through the skm 

DISCUSSION 

Mechanism of cutaneous respiration The total gaseous exchange 
through the skm is the result of tivo distinct processes (1) the metabolism 
of the skm, and (2) the passage of carbon dioxide out of the blood by 
diffusion through the skin (1) The fact that the respiratory quotient is 
always above unity, with an average value of 1 4 m our subjects, indicates 









A CARLTON ERNSTENE AND MARIE C VOLK 


371 


TABLE 4 


The effect of season on tke rate of cutaneous resptratum • 


Subject 

D«te 

COj emreted 

Ot absorbed 

COi 

■ST 

Temperature 

is 

plethysmoeraph 




cc 

cc. 


C 

6 

October 

30, 1930 

147 

94 

1 6 

295 


October 

31 1930 

157 

116 

1 4 

27 6 


November 3, 1930 

137 

95 

1 4 

28 9 


December 11 1930 

354 

lOS 

1 5 

294 


March 

2 1931t 

155 

83 

19 

30 9 


Apnl 

IS 1931t 

142 

96 

15 

30 0 


April 

25 1931t 

114 

82 

14 

285 


April 

28 1931t 

134 

88 

15 

28 4 


May 

14 1931t 

132 

83 

16 

28 1 


May 

22 1931t 

153 

113 

1 4 

30 0 


May 

25 1931t 

127 

84 

IS 

27 5 


May 

29 1931t 

151 

113 

15 

30 7 

9 

November 12 1930 

164 

131 

15 

28 1 


November 20 1930 

142 

116 

12 

29 6 


November 29 1930 

125 

107 

1 2 

26 9 


February 

2 1931 

146 

75 

20 

295 


March 

4. 1931t 

130 

75 

17 

285 


April 

14, 1931t 

135 

80 

1 7 

28 6 


May 

18 1931t 

122 

85 

14 

27 4 


May 

28 1931t 

154 

114 

14 

29A 


June 

2, 1931t 

140 

107 

15 

29 0 

23 

April 

1 1931t 

124 

84 

15 

29 2 


April 

27, 1931t 

128 

90 

14 

27 6 


April 

29 1931t 

128 

75 

1 7 

28 6 


May 

19, 1931t 

140 

88 

1 6 

29 8 


May 

20 1931t 

156 

103 

15 

30 6 


May 

21, 1931t 

132 

92 

1 4 

285 


May 

26 1931t 

134 

88 

1 5 

29 7 


* Calculated in cubic centirneters per hour per square meter of slon surface 
at 27® C 

t Indicates that the interval between the collection of samples was two hours 
instead of three* 


table 5 


The effect of age on the rate of cutaneous resfnraiton * 


A*e 

croup 

Num 

ber 

of 

caaci 

Rate of COt 
excretion 

Rate of Oi 
absorption 

CO* 

is; 

Mail 

mum 

Mbil 

mum 

Aver 

ace 

Maxi 

mum 

Mini 

mum 

Aver 

age 

klaxl 

Mini 

mum 

Aver 

MC 



cc. 

cc. 

cc. 

cc. 

cc. 

cc 




15-39 

26 

169 

58 

126 

146 

40 

94 

20 

1 1 

1 4 

40-75 

12 

136 

72 

109 

118 

54 

75 

D 

1 2 

1 5 


* Calculated in cubic centimeters per hour per square meter of skin surface 
at 27° C 



































372 


CUTANEOUS RESPIRATION IN NORilAL SUBJECTS 


TABLE 6 


The effect of arleriosderosts on the rale of cutaneous resptralton * tn subjects 40 years of age 

or over 


Subjects ' 

Num- 

ber 

of 

cases 

Rate of COi 
excretion 

Rate of Oi 
absorption 

CO) 

o. 






Aver- 

age 



Aver- 

age 

1 


cc 

CC 

CC 1 

CC 

CC 

cc 




With slight or no arteno- 











sclerosis 

s 

136 

84 

115 

118 

54 

78 

1 8 

1 2 

1 6 

With moderate or advanced 








1 

1 


arteriosclerosis 

7 

124 

72 

204 

96 

48 

72 

1 9 

1 2 

1 5 


* Calculated in cubic centimeters per hour per square meter of skin surface 
at 27° C 


that the carbon dioxide eliminated cannot onginate exclusively from the 
metabolic processes of the skin and that diffusion of this gas from the 
blood through the skin is of considerable importance In contrast to this 
dual source of carbon dioxide, the oxygen absorbed by the skin probably 
IS utilized entirely m tissue oxidation, no part of it passing into the blood 
by diffusion through the tissues (3) 

Range of cuUineoits respirahon tn normal subjects Although the 
observations of earlier mvestigators (1) had led us to expect a relatively 
wide remge of normal values for carbon dioxide elimination and oxygen 
absorption through the skin of different individuals, we did not anticipate 
the extreme variations actually observed Whether the differences are 
due mainly to individual vanations in the extent to which the metabolic 
reqmrements of the skin are supplied by the exchange of gases between 
the tissues and the air or to variations m the actual metabolic rate of the 
skm of different subjects cannot be stated with certainty It seems 
doubtful, however, that the metabolic rate of the skin is subject to much 
greater mdividual variations than the total metabolism of the body On 
the other hand, it is conceivable that, as the result of individual differences 
m blood supply to the skin, tension of oxygen and carbon dioxide in the 
blood, and other factors, the amount of oxygen supplied to the skin by the 
blood and the amount of carbon dioxide removed may vary widely 
Vanations of this kind produce reaprocal changes in the rate of oxygen 
absorption and carbon dioxide ehmination through the skin (3) We are 
inclmed to believe, therefore, that the wide range of normal values is due 
m large part to individual differences m the extent to which the exchange 
of gases between the blood and the skm meets the needs of cutaneous 
metabolism, rather than to differences m the metabolic rate of the skin 














A CARLTON ERNSTENE AND MARIE a VOLK 


373 


It has been suggested (1) that the relatively wide variations observed 
in the respuratory quotient of cutaneous respiration are due mainly to the 
fact that carbon dioxide diffuses through living tissues more rapidly than 
does oxygen, and so shght changes in the carbon dioxide tension of the 
cutaneous blood cause disproportionate changes m the respiratory 
quotient. If this hypothesis were correct, the rate of oxygen absorption 
through the skin should be more constant than the rate of carbon dioxide 
elimination, provided, of course, that the respiratory quotient of the skin 
Itself remained constant. Inspection of the data m Tables 2 and 4 
reveals that variations in the rate of oxygen absorption were as great as 
the vanations m the rate of carbon dioxide ehmmation and were re 
sponsible for fluctuations in the respiratory quotient as frequently as 
were changes m the rate of carbon dioxide elimmation It seems, 
therefore, that either the extra metabolic factors influenang the rate of 
oxygen absorption through the skin vary as greatly as do the factors 
affectmg the rate of carbon dioxide elimination or that the observed 
fluctuations m respiratory quotient reflect actual changes m the metabolic 
processes of the skm Although no final deasion can be made at present. 
It seems doubtful that chrmges in the intrinsic metabolism of the skin are 
the responsible factor 

Vartal'ums in the effect of temperature on the rate of cutaneous respiration 
The rate of cutaneous respiration increases as the temperature of the air 
m contact with the skm rises, but the relationship between temperature 
and the rate of cutaneous gas exchange vanes widely m different mdi- 
viduals (Table 1) Because of the evidence that the oxygen absorbed by 
the skm is utilized entirely in tissue oxidation (3), we believe that the 
accelerated rate of gas exchange accompanying mcreased temperature is 
due pnncipally to a nse m the metabolic rate of the skm It is probable, 
however, that the metabolic rate of the skm is affected by changes m 
temperature m a more or less equal degree m all normal subjects The 
blood supply to the skm also mcreases with higher temperatures, and the 
improved arculabon undoubtedly supplies part of the mcreased metabolic 
needs of the tissues Because of differences m the sensitivity of the 
autonomic nervous system, the degree to which the blood supply is 
altered m response to changes m temperature may vary within wide 
limits m different individuals Vanations are therefore to be expected m 
the extent to which the circulating blood supplies the mcreased metabolic 
needs of the skm at higher temperatures We believe that differences of 
this kmd, rather than differences in the effect of temperature on the 
metabolic rate of the skm, are responsible for the observed variations m 
the effect of temperature on the rate of cutaneous respiration 

Variations in repeated measurements of the rate of cutaneous respiration 
in the same individual In different individuals, vanations m carbon 
dioxide elimination, oxygen absorption and respiratory quotient probably 
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are due in large part to constitutional factors inherent in the subjects 
The vanations observed m repeated measurements on the same subjects 
under identical conditions of temperature and humidity (Table 2), 
however, are due to unrecognized changes in the expenmental conditions 
or to physiological vanations in the patients The analytical error for 
the measurement of carbon dioxide excretion in our system was about 
± 1 3 cc per hour per square meter of skin surface, and for oxygen 
absorption about ± 2 6 cc per hour Even though allowance is made for 
this error, it is still evident that in many of the experiments summanzed 
in Table 2, some factor or group of factors capable of producing changes in 
the rate of cutaneous respiration and in the respiratory quotient remained 
uncontrolled In view of the evidence that fluctuations in the tension of 
carbon dioxide and oxygen in the blood cause changes in the rate of 
cutaneous respiration (3) , it seems probable that physiological vanations 
in the tension of the blood gases constitute the pnncipal factor responsible 
for the differences observed in repeated measurements under identical 
conditions of temperature and humidity 

Effect of season on Hie rate of cutaneous respxratwn Shaw, Messer and 
Weiss (1) observed a distinct tendency for the rate of carbon dioxide 
elimination through the skm to increase dunng the colder months of the 
year Our studies, on the other hand, have revealed no evidence of 
seasonal variations in the rate of cutaneous respiration (Table 4) The 
experiments of Shaw, Messer and Weiss were made before the intro- 
duction of measures to control the humidity of the air within the 
plethysmograph, while our observations were made with the air in the 
system at the saturation point This difference in technique may 
account for the discrepancy in results 

Effect of age on the rate of cutaneous respiration The tendency for 
subjects above the age of 40 years to have a lower rate of cutaneous 
respiration than younger individuals (Tables 1 and 5) is of considerable 
mterest The fact that the dimmution in rate tended to be more marked 
m those individuals having moderate or advanced generalized arterio- 
sclerosis than in those havmg slight or no evidence of artenosclerosis 
(Table 6) suggests that the decrease is related to mvolutionary changes m 
the skm 

Certam experiments of Shaw and Messer (3) indicate that diminished 
blood supply to the skm is attended by an mcreased rate of cutaneous 
gas exchange, provided that the metabohc rate of the skin remains 
unchanged In other words, a decrease m the degree to which the 
circulating blood supphes the metabohc needs of the skin is compensated 
for by an increase in the extent to which those needs are met by direct 
exchange of carbon dioxide and oxygen through the skin In view of this 
consideration, diminished blood supply to the skm cannot be responsible 
for the observed reduction in the rate of cutaneous respiration m subjects 
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above the age of 40 years On the other hand, the evidence that the 
oxygen absorbed by the skin is ubiued entirely in tissue oxidation (3), 
suggests that the reduced rate of cutaneous gas exchange is due to an 
actual decrease in the metabohc rate of the skin 

RdaHon behueen the rate of respiratory exchange through the lungs and the 
rate of cutaneous respiration In our subjects, the cutaneous exchange of 
carbon dioxide and oxygen amounted to a much larger percentage of 
pulmonary exchange than observed by earher investigators Aubert (4) 
estimated that one half of one per cent of the expired carbon dioxide was 
eliminated through the skin The data presented by Zuelzer (5) mdi- 
cated that the average amount of oxygen absorbed by the skin was one 
per cent of the amount absorbed through the lungs Because of errors 
inherent in the methods utilized by these observers, the results obtamed 
are of doubtful value Shaw, Messer and Weiss (1) calculated that in 
their two subjects the carbon dioxide eliminated through the skm 
amounted to one per cent of that given off through the lungs In our 
observations on 17 subjects, the average cutaneous absorption of oxygen 
amounted to 1 9 per cent of pulmonary absorption, and the cutaneous 
elimination of carbon dioxide amounted to 2 7 per cent of pulmonary 
elimination In view of the fact that cutaneous respiratory exc h ange 
results m part from the metabohsm of the skin and m part from the 
diffusion of carbon dioxide through the skin, it is not surprising that, m 
individual subjects, no exact relationship was observed between the rate 
of cutaneous respiration and the rate of carbon dioxide elirmnation and 
oxygen absorption through the lungs 

SUMMARY 

1 Repeated measurements were made of the rate of carbon dioxide 
elimination and oxygen absorption through the skm in 38 normal subjects 

2 The rate of carbon dioxide ehnunation per hour per square meter of 
skm surface at 27° C vaned in different mdividuals from 58 cc. to 169 cc. 
with an average value of 120 cc 

3 The rate of oxygen absorption per hour per square meter of skin 
surface at 27° C vaned in different mdividuals from 40 cc. to 146 cc. 
with an average value of 88 cc. 

4 The respiratory quotient of cutaneous gas exchange at 27° C 
averaged 1 4 and vaned between 1 1 and 2 0 

5 With each degree nse m the temperature of the air m contact with 
the skm, an average increase of 8 cc. per hour per square meter of skin 
surface was observed m both carbon dioxide elimination and oxygen 
absorption The accelerated rate of gas exchange through the skm at 
higher temperatures probably is due pnnapally to an increased rate of 
cutaneous metabohsm 

6 No relationship was observed between the rate of cutaneous 
respiration and the sex of the subjects or the season of the year 

25 
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7 The rate of carbon dioxide elimination and oxygen absorption 
through the skm tended to be lower m subjects above the age of 40 years 
than in those below that age The diminished rate of cutaneous respi- 
ration m subjects above the age of 40 years probably is due to a decreased 
metabolic rate of the skm 

8 In 17 subjects, the average amount of oxygen absorbed through the 
skin was 1 9 per cent of that absorbed through the lungs, and the average 
amount of carbon dioxide excreted through the skin was 2 7 per cent of 
that excreted through the lungs In individual subjects no exact relation- 
ship was observed between the rate of respiratory exchange through 
the lungs and the rate of cutaneous respiration 
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CUTANEOUS RESPIRATION IN MAN 
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A suitable method for measuring the rate of cutaneous respiration m 
man has been developed by Shaw and his associates (1, 2), and normal 
standards for carbon dioxide elimination and oxygen absorption have 
been established (3) The present communication deals with an m'vesti- 
gation of the rate of cutaneous exchange of carbon dioxide and o'xygen m 
subjects with various pathologic conditions of the slon 

METHOD OF STUDY 

The apparatus and technical procedure were the same as those 
employed in preceding studies on the rate of cutaneous respiration m 
normal individuals (2, 3) In brief, the total amounts of carbon dioxide 
ehxmnated and oxygen absorbed through the skin of the entire arm m a 
period of three hours were measured, and the results were expressed m 
terms of cubic centimeters per hour per square meter of skm surface. 
The relati've humidity of the air in the plethysmograph enclosmg the arm 
■was kept at the saturation point by means of a moist woolen stocking 
worn on the arm The temperature of the air m contact with the skin 
■vaned between 26° C and 31° C in different experiments but was 
mamtamed practically constant dunng indi'vidual experiments by 
regulating the temperature of the room All measurements were made 
with the room temperature between 20° C and 25° C In order to 
compare the results m patients with skm diseases -with the rate of cutane- 
ous respiration in normal subjects, all final quantities were transposed by 
mterpolation to the value they would have had if the temperature of the 
air in the plethysmograph had been 27° C The manner of making this 
correction has been described previously (3) 

RESULTS 

The rate of cutaneous respiration was measured on three or more 
occasions m twelve subjects -with pathologic conditions of the skm, the 

' This investigation -was aided by a grant from the DeLatnar Mobile Re- 
search Fund of Harvard University 
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observations on each individual being made on successive days whenever 
possible Only patients presenting diffuse lesions involving a large part 
of the upper extremity were selected for the expenments Five subjects 
had psonasis, t^^o had eczema, and one each had erythema multiforme, 
dermatitis venenata, scleroderma, exfoliative dermatitis, and seborrheic 
dermatitis In two patients with psonasis, additional measurements of 
the rate of cutaneous respiration were made after the lesions had disap- 
peared A summary of the observations is presented in Tables 1 and 2 

In general, the rate of cutaneous respiration tended to be somewhat 
elevated In only one subject was the rate of carbon dioxide elimination 
lower than 130 cc per hour per square meter of skin surface, while in 25 
of 38 normal individuals the rate was less than 130 cc per hour (3) In 
6 of the 12 patients with skin disease the rate of carbon dioxide elimination 
was 150 cc per hour per square meter of skin surface or higher, while a 
rate of 150 cc or more was recorded m only two normal subjects In 
three patients with skin disease the rate of carbon dioxide elimination was 
higher than m any of the normal subjects The rate of carbon dioxide 
excretion tended to vary directly with the seventy of the pathologic 
process, the two highest rates being observed in the two patients pre- 
senting the most diffuse lesions and the greatest degree of accompanying 
inflammation The average rate of carbon dioxide elimmation for the 
entire group of patients with skin disease was 162 cc per hour per square 
meter of skin surface, as compared with an average rate of 120 cc in 
normal subjects 

The effect of pathologic conditions of the skin on the rate of oxygen 
absorption was somewhat less evident than the effect on carbon dioxide 
elimmation In 8 of the 12 subjects the rate of oxygen absorption was 
100 cc or more per hour per square meter of skin surface, while rates of 
this magnitude were recorded in only 12 of 38 normal subjects (3) In 
only one patient with skin disease, however, was the rate of oxygen 
absorption higher than observed in any normal subject The relationship 
between the rate of oxygen absorption and the seventy of the pathologic 
process was less apparent than in the case of carbon dioxide elimination 
The average rate of oxygen absorption in the patients with skin disease 
was 110 cc per hour per square meter of skin surface, as compared mth an 
average of 88 cc in normal subjects 

A tendency toward slightly elevated values for the respiratory 
quotient of cutaneous respiration was noted in the patients mth patho- 
logic conditions of the skm In 5 of the 12 subjects the respiratory 
quotient was 1 6 or higher, while values of this magnitude were recorded 
m only 9 of 38 normal individuals (3) In only one patient with skin 
disease, however, was the respiratory quotient higher than the highest 
observed normal value The average value for respiratory quotient in 
the patients with skm disease was 1 5 as compared with an average 
value of 1 4 m normal mdividuals 
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TABLE 1 


The rate of cutaneous respiration tn subjects mth pathologic conditions of the shn 


Sub- 

Sex 

Ap? 

DIapiotic 

COi 

Oj 


Temperature In 
plethytmograph 

/ect 

ex 

creted* 

at>- 

torbed* 


Expert 

ment 

1 

Expert 

ment 

2 

Experi- 

ment 

3 


M 

m 

Seborrheic dermatitxa, severe 

£C 

266 


1 4 

C 

29.8 

C. 

26 6 

C 

29J 


M 

40 

Exfoliative dermatitia 

225 

107 

2 1 

27 3 

288 

283 


F 

30 

Psonasia moderately severe 

179 

139 

1 3 

29 2 

29 8 

29 6 


M 

58 

Dermatitia venenata, moder 

165 

100 

1 7 

27 4 

27 2 

28 6 

43 

M 

32 

ately severe 

Peonasis, severe 

157 

90 

1 7 

30 0 

28 8 

273 

44 

F 

18 

E^ema mild 

ISO 

123 

1.2 

26 7 

27 2 

27 2 

45 

F 

42 

Scleroderma, moderately ad 

147 

119 

1 2 

28 0 

26 7 

30 6 

46 

F 

IS 

\ranced 

Eceema moderately severe 

137 

106 

lA 

29 0 

26 0 

27 4 

47 

F 

29 

Peonasis, moderately eeverc 

134 

83 

1 6 

27 7 

29 4 

29 0 

48 

F 

49 

Psonasifl mild 

134 

87 

IJ 

29 6 

29 2 

301 

49 

F 

32 

Erythema raultiforme, sub- 

132 

70 

1 9 

31 0 

28 4 

28 8 

SO 

F 

42 

sidmg 

Psoriasis mild 

118 

101 

13 

26 2 


293 



Average 

162 

1 

110 

1 5 





• Calculated in cubic centiraetere per hour per square meter of skin surface 
at 27“ C Each 6gure for carbon dioxide ebtmnation and oxygen absorpbon 
represents the corrected average rate. 


TABLE 2 

The rate of cutaneous respiration before and after the disappearance of skin lesions 


"sub- ! 

Ject 

DlaEDOtlt 

1 

COi 

excreted* 

Oi j 

abiorbed* 

Retplratory 

Quotient 

Before 
1 

After 

B*fo« 

After 

1 



■ 


cc. 

cc. 

cc. 

cc. 



fm 

Peonaais severe 

157 

131 

90 

81 

18 

19 

m 

Psonasie, moderately severe 

134 

134 

83 

93 

1 6 

B| 


* Calculated in cubic centimetera per hour per square meter of elan surface 
at 27“ C Each figure for carbon dioxide elimination and oxygen absorption 
represents the corrected average rate. 

The temperature in the plethysmograph during the measurements made 
before disappearance of the skin lesions is given in Table 1 The temperature 
in the plethysmograph during the measurements made after the disappearance 
of the lesions was as follows subject 43 first experiment 28 1° C , second ex 
penraent 29 3“ C Subject 47, first experiment 26 0“ C , second expenment 
28 5° C 
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In the two patients with psonasis in whom further measurements of 
the rate of cutaneous respiration were made after the lesions had disap- 
peared, no striking changes were observed (Table 2) 

DISCUSSION 

Cutaneous respiration is the result of two distinct processes (1) the 
metabolism of the skin, and (2) the passage of carbon dioxide out of the 
blood by diffusion through the skin (1, 4) In contrast to the dual origin 
of the carbon dioxide ehmmated through the slon, all of the oxygen 
absorbed by the skin probably is utilized in tissue oxidation (4) 

The rate at which the skin absorbs oxygen from the air is mfluenced 
not only by the metabolic rate of the slon but also by the oxygen tension 
of the air and of the blood (4) With a constant oxygen tension of the 
air, the rate of oxygen absorption is mcreased by an incrccise in the 
metabohc rate of the skm or by a decrease in the oxygen tension of the 
blood In mdmduals with widespread lesions of the skin and ac- 
companjnng inflammatory changes, a diminished oxygen tension of the 
blood would hardly be expected The tendency toward an increased rate 
of oxygen absorption in these subjects probably is due, therefore, to an 
increase in the metabohc rate of the skin 

Increased cutaneous elimination of carbon dioxide may be due to an 
mcrease in the metabolic rate of the skm or to an increase in the amount 
of carbon dioxide escapmg from the blood by diffusion through the skin 
An increase in the amount of carbon dioxide escaping from the blood by 
diffusion through the skin is dependent on an increase in the carbon 
dioxide tension of the blood Since, in individuals with skin disease, 
there is no apparent cause for an appreciable mcrease in the carbon 
dioxide tension of the blood, the increased rate of carbon dioxide eliim- 
nation in these subjects is probably due to an mcrease in the metabohc 
rate of the skm 

The tendency toward elevation of the respiratory quotient of cutane- 
ous gas exchange m subjects with pathologic conditions of the skin could 
be the result of an actual qualitative change in skin metabolism On the 
other hand, if cutaneous metabolism remained quahtatively constant but 
mcreased m rate, the respiratory quotient would be elevated in the event 
that a larger part of the excess carbon dioxide were eliminated through the 
skin than by way of the blood That such an occurrence is possible is 
indicated by the following considerations The carbon dioxide tension of 
the au- is practically zero, and the difference between this tension and 
the carbon dioxide tension of the skin is much greater than the difference 
between the carbon dioxide tension of the blood and of the skin (4) It 
is probable, therefore, that practically all of the carbon dioxide formed 
m the superfiaal layers of the skin is excreted directly into the air and 
that, of the carbon dioxide formed m the deeper layers, a larger part 
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IS eliminated by excretion through the skin than by way of the blood 
stream Similarly, m the event of mcreased production of carbon 
dioxide, all of this gas formed in the superfiaal layers of the skin 
would still be excreted directly mto the air and a proportionately larger 
part of the excess formed m the deeper layers of the skin probably would 
be eliminated by cutaneous excretion It is commonly assumed, further- 
more, that carbon dioxide diffuses through hving tissue at a greater rate 
than does oxygen An increased tension of carbon dioxide m the tissues 
might therefore cause an appreaable increase m the rate of carbon 
dioxide ehmination through the skin, while a correspondmg decrease m 
the tension of oxygen m the tissues might have much less effect on the 
rate of cutaneous absorption of oxygen Because of these considerations, 
we believe that the elevated respiratory quotient of cutaneous gas 
exchange in subjects with pathologic conditions of the skin results from 
the mcreased rate of cutaneous metabolism in these individuals rather 
than from qualitative changes in the metabolic processes of the skm 

The fact that no significant change in the rate of cutaneous respiration 
was recorded m the two subjects m whom additional measurements were 
made after the skm lesions had disappeared (Table 2) is not m harmony 
with the observed relationship between the rate of carbon dioxide 
ehmination and the seventy of the skin lesions The reason for this 
conflict IS not apparent 

The patient with scleroderma presented diffuse, board like mfiltration 
of the skin of the entire upper extremity It was rather surpnsmg, 
therefore, that the rate of cutaneous respiration was as high as actually 
observed It is quite possible that the vascular changes present m 
scleroderma mterfere mth the exchange of carbon dioxide and oxygen 
between the tissues and the blood, and that, m consequence, a larger 
projxirtion of gaseous exchange than normal takes place by diffusion 
between the tissues and the atmosphere m order to meet the metabolic 
needs of the skm The fact that the average respnatory quotient m our 
patient was 1 2 indicates, however, that the metabohc processes of the 
skm -were not the sole source of the carbon dioxide eliminated and that 
carbon dioxide was still passing out of the blood by diffusion through the 
skm 

SUMMARY 

1 Repeated measurements were made of the rate of cutaneous 
respiration m twelve subjects with pathologic conditions of the skm 
Five patients had psonasis, two had eczema, and one each had erythema 
multiforme, dermatitis venenata, scleroderma, exfoliative dermatitis, and 
seborrheic dermatitis 

2 The rate of cutaneous respiration tended to be elevated m these 
subjects. 



382 


CUTANEOUS RESPIRATION IN DISEASES OF SKIN 


3 The average rate of carbon dioxide elimination 162 cc per 
hour per square meter of skin surface as compared mth an average rate 
of 120 cc m normal subjects 

4 The average rate of oxygen absorption was 110 cc per hour per 
square meter of skin surface as compared with an average rate of 88 cc in 
normal subjects 

5 The average value for the respiratory quotient of cutaneous gas 
exchange was 1 5 as compared with an average value of 1 4 in normal 
individuals 

6 The results of the investigation indicate that the metabolic rate of 
the skin is increased m subjects with widespread cutaneous lesions 
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VI The Effect or Drugs on the Rate of Carbon Dioxide 
Eluiination and Oxygen Absorption ‘ 
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Medicine, Harvard Medical School Boston) 

(Recewed for publication October 19 1931) 

Cutaneous respuation is the result of two distinct processes (1) the 
passage of carbon dioxide out of the blood by diffusion through the skin, 
and (2) the intrinsic metabolism of the slcm The extent to which the 
metabolic requirements of the skin are supplied by cutaneous gas exchange 
depends on the relative tension of oxygen and carbon dioxide in the air 
and m the blood With a constant oxygen tension of the air, the rate at 
which the akin absorbs oxygen from the air vanes inversely with the 
oxygen tension of the blood (1) Sirmlarly, there is evidence that, with 
a constant carbon dioxide tension of the air, the rate at which the skin 
excretes carbon dioxide into the air mcreases as the carbon dioxide 
tension of the blood nses (1) In addition, mcreased carbon dioxide 
tension of the blood probably accelerates the rate at which carbon 
dioxide passes out of the blood by diffusion through the skm In view 
of these considerations, alterations m the blood supply to the skin would 
affect the rate of cutaneous respiration under normal atmosphenc 
condibons if the changes in blood flow were accompanied by changes in 
the rate of cutaneous metabolism or in the tension of carbon dioxide 
and oxygen m the blood Similarly, variations m the degree of activity 
of the sweat glands would influence the rate of cutaneous respiratory 
exchange if such variations were attended by changes in the rate of 
cutaneous metabolism or by alterations in blood flow accompanied by 
changes m the tension of the gases m the blood This paper deals with 
the effect on the rate of cutaneous respiration of drugs capable of altenng 
the blood supply to the skin or the degree of activity of the sweat glands 

METHOD OF STUDY 

The apparatus and technical procedure were essentially the same as 
those employed m precedmg studies (2, 3, 4) on the rate of cutaneous 
respiration in normal mdividuals and m subjects with pathologic con- 
ditions of the skm Certam modifications, however, were introduced 

* This investigation was aided by a grant from the DeLamar Mobile Re- 
search Fund of Harvard Umversity 
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The interval between the collection of samples was reduced to two hours 
in order that tw^o successive expenments could be made on each subject 
In each expenment the first sample of gas was collected after a preliminary 
mixing period, twenty mmutes in duration The subject's arm was 
removed from the plethysmograph between the two observation penods, 
and the apparatus was washed out with room air The first expenment, 
in each instance, was a control observation, and the drug whose effect was 
being studied was admimstered at the end of the mixing penod of the 
second expenment 

In bnef, measurements were made of the total amounts of carbon 
dioxide eliminated and oxygen absorbed through the skin of the entire 
arm in two successive two-hour penods, the second of which immediately 
followed the administration of one of the drugs under investigation 
The relative humidity of the air in contact with the skin was kept at the 
saturation pomt by means of a moist woolen stocking worn on the arm 
The temperature of the air in the system vaned between 26° C and 31° C 
in different expenments but was maintained practically constant dunng 
individual expenments by regulating the temperature of the room All 
measurements were made with the room temperature between 20° C 
and 26° C The results of each expenment were expressed in terms of 
cubic centimeters per hour per square meter of skm surface, and were 
transposed by interpolation to the value they would have had if the 
temperature of the air m the plethysmograph had been 27° C The 
manner of making this correction has been descnbed previously (3) 

All drugs were adrmmstered by subcutaneous mjection 

RESULTS 

Measurements were made of the effect of epmephnne, pituitary 
postenor lobe extract, histamme and pilocarpine on the rate of cutaneous 
respiration m three normal subjects Dunng a considerable part of the 
second observation penod in each expenment the subjects presented 
symptoms and signs charactenstic of the action of the drug which had 
been administered Particular attention was paid to changes in the 
color of the skin Epmephnne caused moderate pallor and pituitary 
postenor lobe extract, intense pallor Histamine produced mtense 
flushing of the face and shght flushing of the arms Pilocarpine caused 
slight flushmg and, m addition, profuse perspiration attended by a 
decided decrease in the temperature of the skin None of the drugs 
produced constant changes in the rate of carbon dioxide elimination and 
oxygen absorption through the skin (Table 1) 
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TABLE 1 


The effect of druzt on the rate of cutaneous respiration * 


Sub- 

DniE 

COi excreted 

r ' ■ • 

1 Oi abtorbed 

Ject 

Cootrol 

period 

Alter 

druc 

1 Differ 
ence 

Control 

period 

After 
dros 1 

Differ 

ence 



(C 

cc. 

cc 1 

cc 1 

cc. 

rc. 

9 

Epmephnne hydrochlonde, 1 cc. 

140 

139 

- 1 

107 

104 

- 3 

23 

EpiaepKnne hydrochlonde, 1 cc. 

132 

143 

+ 11 

92 

108 

+ 16 

6 

Pituitary extract I cc. 

153 

■ 1 

- 4 ! 

113 

105 

- 8 

9 1 

Pituitary extract, 1 cc. 

154 

111 

- 8 

114 

120 

+ 6 

23 

Pituitary extract 1 cc. 

156 

■ i 

0 

103 

115 

+ 12 

6 

Histamine hydrochlonde 0 001 
gram 

151 

155 

+ 4 

113 

104 

- 9 

23 

Histamine hydrochlonde 0 001 
gram 

134 

122 

- 12 

88 

92 

+ 4 

6 

Pilocarpine hydrochlonde, 0 008 
gram 

134 

1 

146 

+ 12 

88 

69 

- 19 

6 

Pilocarpine hydrochlonde 0 008 
gram 

132 

115 

1 

- 17 

83 

83 

1 

0 

9 

Pilocarpine hydrochlonde 0 OlS 

122 

132 

+ 10 

85 1 

1 

97 

1 

+ 12 

23 

Pilocarpine hydrochlonde 0 008 

128 

1 

131 ^ 

+ 3 

75 

86 

+ 11 

23 

gram 

Pilocarpine hydrochlonde 0 015 
gram 

140 

158 1 

+ 18 

88 

99 

+ 11 


• Calculated in cubic cenUmetera per hour per square meter o( elan surface 
at 27° C 


DISCUSSION 

In an earlier investagation (3) repeated measurements were made of 
the rate of cutaneous respiration under practically identical conditions of 
temperature and relative humidity in a senes of normal subjects The 
average individual vanation m the rate of carbon dioxide excretion was 
± 3 cc, per hour per square meter of skin surface, and the greatest 
vanation was ± 10 ca The average individual vanation in the rate 
of oxygen absorption was ± 5 cc. per hour per square meter of skm 
surface, and the greatest vanation was ± IS cc Smce the temperature 
of the air m the plethysmograph remamed practically constant throughout 
each complete expenment in the present investigation, any change in the 
rate of carbon dioxide excretion should exceed 20 cc per hour per square 
meter of skin surface m order to be significant Similarly, changes m the 
rate of oxygen absorption of less than 30 cc. per hour per square meter of 
skm surface may be disregarded The rate of cutaneous respiration, 
therefore, was not significantly affected by any of the drugs employed 
(Table 1) 

The changes produced by the drugs m the color of the skm indicate 
that cutaneous blood flow had been altered Although these changes 
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The interval between the collection of samples was reduced to two hours 
in order that two successive experiments could be made on each subject 
In each expenment the first sample of gas was collected after a preliminary 
mixing period, twenty minutes in duration The subject’s arm was 
removed from the plethysmograph between the two observation penods, 
and the apparatus was washed out with room air The first expenment, 
in each mstance, was a control observation, and the drug whose effect was 
being studied was administered at the end of the mixing penod of the 
second expenment 

In bnef, measurements were made of the total amounts of carbon 
dioxide eliminated and oxygen absorbed through the skin of the entire 
arm in two successive two-hour penods, the second of which immediately 
followed the administration of one of the drugs imder mvestigation 
The relative humidity of the air in contact with the skin was kept at the 
saturation point by means of a moist woolen stocking worn on the arm 
The temperature of the air in the system vaned between 26° C and 31° C 
in different expenments but was maintained practically constant dunng 
mdividual expenments by regulating the temperature of the room All 
measurements were made with the room temperature between 20° C 
and 26° C The results of each expenment were expressed in terms of 
cubic centimeters per hour per square meter of skin surface, and were 
transposed by interpolation to the value they would have had if the 
temperature of the air in the plethysmograph had been 27° C The 
manner of making this correction has been descnbed previously (3) 

All drugs were adrmmstered by subcutaneous mjection 

RESULTS 

Measurements were made of the effect of epmephnne, pituitary 
postenor lobe extract, histaimne and pilocarpine on the rate of cutaneous 
respiration m three normal subjects Dunng a considerable part of the 
second observation penod in each expenment the subjects presented 
symptoms and signs charactenstic of the action of the drug which had 
been administered Particular attention was paid to changes m the 
color of the skin Epmephnne caused moderate pallor and pituitary 
postenor lobe extract, mtense pallor Histamine produced mtense 
flushing of the face and slight flushing of the arms Pilocarpme caused 
shght flushing and, in addition, profuse perspiration attended by a 
deaded decrease in the temperature of the skin None of the dru^ 
produced constant changes in the rate of carbon dioxide elimination and 
oxygen absorption through the skin (Table 1) 
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TABLB 1 


The effect of drugs on the rate of cutaneous resptraUon * 


Sab- 

j 0rua 

COi excreted 

Oi abiorbed 

Jea 

Control 
period j 

After 

dmt 

Differ 

ence 

Control 

period 

After 
dni£ 1 

Differ 

CDCQ 




cc. 

cc. 

cc. 

cc. 

CC, 

9 

Epmephnne hydrochlonde 1 cc 


139 

- 1 

107 

104 

- 3 

23 

Epinephrine hydrochlonde, 1 cc. 


143 

+ 11 

92 

108 

+ 16 

6 

Pituitary extract, 1 cc. 


149 

- 4 

113 

105 

- 8 

9 

Pituitary extract 1 cc. 

154 

146 

- 8 

114 

120 

+ 6 

23 

Pituitary extract 1 cc. 

156 1 

156 

0 

103 

115 

+ 12 

6 

Histamine hydrochlonde, 0 001 
gram 

151 

155 

+ 4 

113 

104 

- 9 

23 ! 

1 

Histamine hydrochlonde, 0 001 
gram 

134 

122 1 

1 

- 12 

88 

92 

+ 6 

6 

Pilocarpine hydrochlonde, 0 OOS 
gram 

134 

146 

+ 12 

88 

69 

-19 

6 

Pilocarpine hydrochlonde 0 008 
gram ' 

132 

115 

1 

- 17 

S3 

S3 

0 

9 

Pilocarpine hydrochlonde 0 015 
gram 

122 

132 

+ 10 

85 

97 

+ 12 

23 

Pilocarpine hydrochlonde 0 008 
gram 

128 

131 

+ 3 

75 

86 

1 

+ 11 

23 

Pilocarpine hydrochlonde 0 015 
gram 

140 

158 

+ 18 

88 

99 

+ 11 


• Calculated m cubic centimeters per hour per square meter of skin surface 
at 27° C 


DISCUSSION 


In an earlier investigation (3) repeated measurements were made of 
the rate of cutaneous respiration under practically identical conditions of 
temperature and relative humidity m a senes of normal subjects The 
average mdividuaJ variation m the rate of carbon dioiade excretion was 
± 3 cc. per hour per square meter of skin surface, and the greatest 
variation was ± 10 cc. The average individual variation m the rate 
of oxygen absorption was ± 5 cc per hour per square meter of skm 
surface, and the greatest vanabon was ± 15 cc Smce the temperature 
of the air m the plethysmograph remained practically constant throughout 
each complete experiment in the present investigation, any change m the 
rate of carbon dioxide excretion should exceed 20 cc, per hour per square 
meter of skm surface m order to be significant, Sirmlarly, changes in the 
rate of oxygen absorption of less than 30 cc, per hour per square meter of 
skm surface may be disregarded The rate of cutaneous respiration, 
therefore, was not significantly affected by any of the drugs employed 
(Table 1) 

The changes produced by the drugs m the color of the skin mdicate 
that cutaneous blood flow had been altered Although these changes 
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affect the tension of carbon dioxide and oxygen in the venous blood, 
their failure to influence the rate of cutaneous respiration suggests that 
the tension of the gases in that portion of the blood in equilibnum with the 
tissues had not been altered 

Epinephnne, pituitary postenor lobe extract and histanune probably 
have no significant effect on the metabolic rate of the skin The accel- 
erated activity of the sweat glands produced by pilocarpine may be 
accompanied by an increase m the rate of cutaneous metabohsm, but the 
results of the present mvestigation indicate that this increase, if it occurs, 
IS of very small magnitude in companson to the total metabolism of the 
skin 


SUMMARY 

1 Measurements were made of the effect of epinephnne, pituitary 
postenor lobe extract, histamine and pilocarpine on the rate of cutaneous 
respiration in three normal subjects 

2 None of the drugs sigmfi.cantly altered the rate of carbon dioxide 
ehmination and oxygen absorption through the skin 

3 The failure to affect the rate of cutaneous respiration indicates 
that the drugs did not significantly alter the metabohc rate of the skin or 
the tension of the gases m that portion of the blood in eqmlibnum with the 
tissues 
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(Received for publication October 19, 1931) 

This communication presents the results of an mvestigation of the 
effect of venous congestion on the rate of cutaneous respiration in man 

METHODS AND RESULTS 

The apparatus employed was that designed by Shaw and his assoaates 
(1, 2) The techmcal procedure was essentially the same as that followed 
m studymg the effect of drugs on the rate of cutaneous respiratory 
exchange (3) Measurements were made of the total amounts of carbon 
dioxide elimmated and oxygen absorbed through the skin of the arm m 
two successive two hour expenments In both penods, the arm was 
introduced into the plethysmograph to the same extent. The first 
experiment, in each instance, was a control observation The subject’s 
arm was removed from the plethvsraograph between the two penods, and 
the apparatus was washed out with room air The arm was then re 
inserted, and a pneumatic cuff, 13 cm wide, was apphed After the first 
gas sample of the second experiment had been collected, the cuff was 
inflated to a pressure of 40 to 80 mm of mercury, and this pressure was 
mamtained throughout the remainder of the penod of observation 

The prolonged apphcabon of pressure produced extensive edema of 
the arm It therefore was necessary to measure the surface area and 
volume of the part withm the plethysmograph after both expenments and 
correct the results of the expenments for the vanations observed m these 
measurements Paresthesia and loss of the sensations of touch and 
position developed gradually in the hand and wnst dunng the time the 
pressure was apphed In addition, there was dull achmg pam m the arm 
which became severe toward the end of the observation penod On 
removing the arm from the plethysmograph, transient paresis of the 
muscles of the hand and forearm usually was observed and, in the expen- 
ments with the highest pressures, numerous petechiae were present, 

‘ This investigation was aided by a grant from the DeLaraar Mobile Re 
search Fund of Harvard Umveraity 
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Six measurements of the effect of venous congestion on the rate of 
cutaneous respu-ation were made in three normal subjects All obser- 
vations were made under controlled conditions of temperature and 
humidity, and the results of each experiment were corrected to the value 
they would have had if the temperature within the plethysmograph had 
been 27° C (4) The results of the study are presented in the table 


TABLE I 


The effect of venous congestion on the rate of cutaneous respiration * 


1 

Subject 

Pressure 

applied 

COi excreted 

Oi absorbed 

Control 

period 

Diirmg 
venous i 
congestion | 

Difference 

Control 
period 1 

Durinc 

venous 

congestion 

Difference 

1 

mm Hg 

00. 

- 1 

CC 


CC 

CC 

6 

GO 



+ 2 


86 

+ 3 

6 

40 



- 9 


120 

+ 24 

6 

50 

114 

m\m 

+ 43 

t 82 

94 

+ 12 

9 

SO 

135 

\ 123 

- 12 

1 80 

86 

+ 6 

23 

80 

124 

113 

- 12 

84 

90 

+ 6 

23 

60 

128 

140 

+ 12 

90 

95 

+ 5 


* Calculated in cubic centimeters per hour per square meter of skin surface 
at 27° C 


DISCUSSION 


With the method utilized, changes in the rate of oxygen absorption 
through the slon of less than 30 cc per hour per square meter of skin 
surface and in the rate of carbon dioxide elimination of less than 20 cc 
per hour per square meter of skin surface cannot be considered significant 
(3) The maximum change in the rate of oxygen absorption observed in 
Ae present investigation was 24 cc per hour per square meter of skin 
surface, and in only one instance was the rate of carbon dioxide elimi- 
nation altered by more than 20 cc per hour per square meter of skin 
surface It is concluded, therefore, that venous congestion of the degrees 
employed does not significantly affect the rate of cutaneous respiration 
The metabolic requirements of the skin are supplied in part by the 
blood and in part by the exchange of carbon dioxide and oxygen between 
the air and the tissues Smce it may be assumed that the metabolic 
rate of the skin remained constant dunng our experiments, the failure of 
venous congestion to affect the rate of cutaneous respiration indicates 
that there had been no significant alteration in the rate of exchange of 
gases between the blood and the skin Wdien pressure of 40 to 80 mm of 
mercury is applied to the upper arm by means of a pneumatic cuff, the 
flow of blood through the hmb is promptly retarded As a consequence, 
active compensating dilatation of the minute vessels develops, and the 
circulation to the extreimty returns toward its normal state (5) The 
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failure of venous congestion to affect the rate of exchange of carbon dioxide 
and oxygen between the blood and the skin probably is due to this vaso- 
dilatation 

Our results differ from those of Barratt (6) who observed that the 
application of a ligature to the upper extremity caused a definite increase 
in the rate of carbon dioxide elmunation through the skin of that arm 
Barratt employed higher pressures than we did for he stated that, in his 
subjects, the radial pulsation was barely perceptible after applying the 
ligature. In our subjects the pressure in the cuff did not exceed diastolic 
blood pressure and the volume of the pulse was not appreciably altered 
Blood flow through the arm, therefore (7), was decreased to a less extent 
m our experiments than m those of Barratt 

An extreme reduction in blood flow through the arm would be ac- 
companied by an mcreased carbon dioxide tension of the capillary blood 
and a dmumshed oxygen tension A nse in carbon dioxide tension of the 
blood results m an mcreased rate of carbon dioxide elimmation through 
the skin, and a decrease in oxygen tension causes an accelerated rate of 
oxygen absorption (8) The observation of Barratt (6) that the rate of 
carbon dioxide elimination through the skm mcreased after the appli- 
cation of a Ugature to the arm therefore indicates that the ligature had 
produced an extreme reduction of blood flow through the arm 

SUMMARY 

1 The rates of carbon dioxide elimination and oxygen absorption 
through the skin of the arm were measured before and dunng the presence 
of venous congestion produced by applymg pressures of 40 to 80 mm of 
mercury to the upper arm 

2 Venous congestion did not alter the rate of cutaneous respiratory 
exchange. 

3 The results of the mvestigation indicate that venous congestion of 
the degrees employed has no effect on the rate of exichange of carbon 
dioxide and oxygen between the blood and the skm 
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STUDIES OF CALCIUM AND PHOSPHORUS METABOLISM 
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OUTLINE 

A Introduction 
B Plan of Study 
C Expenmcntal Methods 
D Expenmental Results 

I The Influence of Dietary Potential Aadity on Inorganic Phosphorus 
Metabohsm 

a The Phosphorus Balance 
h Partition between Urine and Feces 
II The Influence of Ingested Phosphate on Total Fixed Base Metab 
olism 

a Neutralizabon of Phosphate within the Bowel 
b Neutralisation of Phosphate In Urine 
♦ Aad Phosphate 
«) Basic Phosphate 

E Discussion 
F Conclusions 

The effect of phosphate-feeding upon the calcium metabolism of man 
has been reported m experiments previously described in this journal (1) 
It appeared that over a relatively short penod (ten days) the addition of 
morgamc phosphate to the control diet produced no obvious alteration of 
the endogenous calaum excretion, fecal or urinary This was true 
whether the phosphate adnunistered was aad phosphate (mono-sodium), 
basic phosphate (di sodium), or a mixture of these two salts Such 
additions to the neutral cxintrol diet, however, did produce definite 
alterations m the total aad-base economy of the body, not previously 
descnbed, which it is the purpose of this paper to report. 

The chemical prmaples which present themselves as the logical guides 
to such stuches of mineral metabolism have long been recogmted, but it is 
only within recent years that work hke that of Gamble, Blackfan, and 

* Aided finanaally in part by the Lead Fund of the Harvard School of 
Public Health 
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ACID'BASE BALANCE AND PHOSPHATE BALANCE 

Hamilton (2) has afforded a sound saentific interpretation of the salt 
action of aad-producing salts Much emphasis has hitherto been laid 
upon alterations m the economy of fixed base or upon the fate of the 
speafic ions administered The comparative rble of phosphate in this 
process has received but little scrutmy, however, particularly as reflected 
in the metabolism of phosphate at vanous levels of acid elimination 
Some authors (3) have suggested that when inorganic phosphate is fed, 
the metabolic fate of the phosphorus is to some degree predeterrmned by 
the potential acidity of the salt fed Sodium acid phosphate is, indeed, a 
natural physiological waste product does the administration of this aad 
salt provoke diuresis or loss of fixed base? The companion buffer salt 
disodium phosphate exists in all body fluids What is the eff^ect of its 
admmistration on bodily economy? 

PLAN OF STUDY 

In order to determine the effect of the potential aadity of ingested 
phosphate upon its assimilation and subsequent fate, we have studied 
three adult humans whose clinical conditions are descnbed in the addenda 
These subjects were placed on a potentially neutral diet, low m phosphorus 
content, which was continued (essentially) imvaned throughout the 
expenment One week was allowed in each case to permit the body to 
readjust itself to this constant diet before the expenment was begun 
After control levels of excretion had been determined, weighed amounts of 
chemically pure inorganic phosphate were added to the diet, and the 
resulting change m excretion observed Three types of inorganic 
orthophosphate were fed, viz , sodium aad phosphate, disodmm phos- 
phate, and an eqmmolecular mixture of the two The object was to 
admimster as much phosphate as possible without producing catharsis 
Subject RN was given these salts m sequence, so that there are two 
observations on aad phosphate (subjects WN and RN) 

Because of the well recognized lag m exaction following the adimnis- 
tration of most medication, the metabolism of phosphorus was followed 
after the inorganic phosphate was omitted In all cases, the resumption 
of control exaction levels indicated that a "steady state” had again been 
reached in the second period foUowmg the last in which phosphate was 
fed In this papa, thaefore, the aad-base balance was struck as soon 
as the phosphate balance had approached its former level It was 
essential in so domg not to delay too long lest the immediate metabolic 
response to phosphate feeding be obscured by subsequent readjustments 
In evaluating the response of the organism to these phosphate additions, 
it IS assumed that the effect of the control diet on the total metabolism 
remained constant , and that inaeases m the potential aadity of the diet 
(in the form of added phosphate) would be reflected by corresponding 
alterations m aad exaction 
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In these expenments the method suggested by Sherman and Gettler 
(4) for calculating the potential acidity of food-stuffs was utilized, and 
the relative amounts of various food stuffs so balanced that the total 
potential aadity (when oxidized) would be zero The actual anthmetical 
operations and sources of error have been illustrated elsewhere (5) The 
use of such a "control" diet, constantly continued throughout the experi- 
ment, obviates any gross errors due to maccuracy in the composition of 
the food Our control diets were low m calcium and phosphorus but 
adequate with respect to other inorganic salts, vitamms, fat, carbo- 
hydrate, protein, and total calonc content. 

EXPERIMENTAL METHODS 

The technic followed m these expenments has been given m a de- 
scnption of the special study ward on which our subjects were kept (6) 
Ammonia and titratable aadity were, as usual, detenmned within a few 
hours after mixmg of the combined twenty-four-hour iinne. The 
possibility of an important change occumng under these conditions was 
excluded (7) by comparing the twenty-four-hour analysis with the 
summated results of successive speamens freshly voided 

Diuresis was excluded by recordmg nude weight at the same time each 
day, and showing this to be constant Th^ time of the expenments was 
the early (New England) spnng months when perspinng was at a mmi- 
mum Basal metabohc rates were determined with the Benedict-Roth 
apparatus 

The analytical methods employed were outhned m our previous 
publication (1) Through the courtesy of Dr Arhe V Bock the blood 
COj level of subject RN was established (with the apparatus of Neill and 
Van Slyke) before and at the end of aad phosphate admmistrabon 
Haldane's negative experiment (8) determinmg the effect on blood COi of 
large doses of basic phosphate obviated the necessity of such determi- 
nations m the basic phosphate expenments 

EXPERIMENTAL RESULTS 

Our analysis of the experimental results is based upon the assumption 
that when an orgamsm exhibits a constant excretion m response to a 
constantly contmued “control” dietary regimen, additions to the diet 
will be reflected by changes m excretion, the quantitative value of which 
should be measured from the onginal excretion level In presentmg 
results, therefore, emphasis has been laid m this paper upon intakes or 
outputs ovtr and above the corresponding figures for the preliminary 
"control” (basal) diet The justificatiDn for this procedure will appear 
in the results ated below 

In presentmg these results, furthermore, we have departed from the 
usual procedure of sharply separating analytical figures from the dis- 
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cussion of their significance This method seemed advisable because the 
paper is in essence a mathematical analysis of metabolic balances and 
derived equivalents The massed results of the laboratory determi- 
nations may be had (for reference) m our previous paper (1) 

I The tnfluence of the potential acidity of ingesta on tnorgamc phosphorus 

metabolism 

Studies on the storage of calaum and phosphorus in nckets have 
demonstrated that the potential acidity of the diet is an important factor 
m phosphate metabolism Zucker, Johnson, and Barnett (3) reported 
that the change in the acidity of diets from the alkaline toward the acid 
side might result in healing of the rachitic lesions Conversely, McClendon 
(9) reported that adding alkali to a diet increased its power to produce 
nckets The fact that most nckets-produang diets are potentially 
alkaline is of significance 

Most illuminating from this pomt of view are expenments which 
determme the fate of phosphate of known potential acidity added to a 
consistently continued basal or control diet Karehtz and Shohl (10), in 
studymg the metabolism of phosphate in rachitic rats to whose diet (a 
potentially alkaline one) aad phosphate was added, found that this 
addition resulted in a reversed excretion ratio between unne and feces 
In the penod preceding the feedmg of phosphate only 7 per cent of the 
excretion was unnary, whereas with increase of phosphate in the diet the 
unnary moiety was about half, being increased both relatively and m an 
absolute sense Despite the fact that their animals were in a state of 
phosphorus starvation, only one-fourth of the phosphate eaten was 
retained on this diet (which was potentially alkaline, even though acid 
phosphate had been added) The possibihty that the greater excretion 
of phosphate m the unne under a more acid regimen might be due to 
greater absorption from the intestines was investigated in man by 
Zucker (11), who added NaOH and HCl to the control diet, which, 
however, was evidently potentially acidic as indicated by a titratable 
acidity of over 700 cc N/10 acid daily The greater absorption and 
retention of phosphorus under the mfluence of acid was also confirmed by 
Scheer (12) 

From the massed anal 3 mcal results previously published (1), the 
phosphate determinations have been abstracted and combined m Table 
I to mdicate the respective phosphorus balances for the three types of 
salt fed, 1 e , aad, basic, and the equiraolecular mixture of the two 
Stress is laid upon the values headed "balance above control,” because 
these denved values mdicate the extent of fluctuation above the basal 
level In italics (beside the excretion figures for each three-day penod) 

IS given the relative partiapation (expressed as percentage) of urine and 
feces, respectively, in the combmed phosphate excretion for that period 
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cussion of their significance This method seemed advisable because the 
paper is in essence a mathematical analysis of metabolic balances and 
derived eqiuvalents The massed results of the laboratory determi- 
nations may be had (for reference) in our previous paper (1) 

I The influence of the potential acidity of ingesta on inorganic phosphorus 

metabolism 

Studies on the storage of calaum and phosphorus in nckets have 
demonstrated that the potential acidity of the diet is an important factor 
m phosphate metabohsm Zuclcer, Johnson, and Barnett (3) reported 
that the change in the acidity of diets from the alkaline toward the acid 
side might result m healmg of the rachitic lesions Conversely, McClendon 
(9) reported that adding alkali to a diet increased its power to produce 
nckets The fact that most nckets-produang diets are potentially 
alkahne is of significance 

Most illuminating from this point of view are expenments which 
determine the fate of phosphate of known potential acidity added to a 
consistently continued basal or control diet Karelitz and Shohl (10), in 
studying the metabohsm of phosphate m rachitic rats to whose diet (a 
potentially alkaline one) aad phosphate was added, found that this 
addition resulted in a reversed excretion ratio between unne and feces 
In the penod preceding the feeding of phosphate only 7 per cent of the 
excretion was unnary, whereas with increase of phosphate in the diet the 
unnary moiety was about half, being increased both relatively and in an 
absolute sense Despite the fact that their animals were in a state of 
phosphorus starvation, only one-fourth of the phosphate eaten weis 
retained on this diet (which was potentially alkahne, even though acid 
phosphate had been added) The possibility that the greater excretion 
of phosphate m the unne under a more acid regimen might be due to 
greater absorption from the intestmes was investigated m man by 
Zucker (11), who added NaOH and HCl to the control diet, which, 
however, was evidently potentially acidic as mdicated by a titratable 
acidity of over 700 cc N/10 aad daily The greater absorption and 
retention of phosphorus under the mfluence of aad was also confirmed by 
Scheer (12) 

From the massed analytical results previously published (1), the 
phosphate determmations have been abstracted and combmed in Table 
I to indicate the respective phosphorus balances for the three types of 
salt fed, 1 e , aad, basic, and the equimolecular mixture of the two 
Stress IS laid upon the values headed “balance above control, because 
these denved values mdicate the extent of fluctuation above the basal 
level In italics (beside the excretion figures for each three-day penod) 

IS given the relative partiapation (expressed as percentage) of urme and 
feces, respectively, m the combmed phosphate exaction for that penod 
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The corrected phosphorus balance appears in the next column (next to 
the last) The final column indicates the acid eqmvalent of the phos- 
phorus retained, calculated with reference to blood pH = 7 4, alkali 
retention is mdicated (m the basic phosphate expenment, subject RN) by 
minus signs 

The first two expenments (subjects WN and RN) are devoted to 
sodium aad phosphate, the third to disodium phosphate, and the fourth 
to an eqmmolecular mixture of the two 

When morganxc phosphate ^s fed, does the potential acidity of the salt fed 
influence the phosphorus balance? 

In sodium aad phosphate expenment WN, 5 3 grams out of the 19 8 
grams of phosphorus fed were presumably retained, i e , 27 per cent In 
sodium aad phosphate expenment RN, 1 9 grams out of the 14 2 grams of 
phosphorus fed were presumably retamed, i e , 13 per cent The average 
of the two expenments is 20 per cent (roughly one-fifth) presumably 
retamed 

In disodium phosphate expenment RN, 5 0 grams out of the 19 6 
grams of phosphorus fed were presumably retamed, i e , 25 per cent 
(roughly one-fourth) 

In the eqmmolecular phosphate expenment LZ, 3 0 grams of the 9 9 
grams of phosphorus fed were presumably retained, i e , 30 per cent 
(roughly one-third) 

One imght summanze these vanous results by stating that irrespective 
of the potential aadity of the morgamc phosphate fed, one-fourth of the 
phosphate fed is presumably retamed m these relatively short obser- 
vations. 

When inorganic phosphorus is fed, what is the partition of phosphate excreted 

in urine and feces? 

It will be observed that considerable fluctuations occurred from 
penod to penod m the division of phosphate between unne and feces It 
will be more profitable, therefore, to consider the total exaction for each 
expenment 

In sodium aad phosphate experiment WN, 2 4 grams out of the 14 6 
grams of phosphorus recovered appeared m the feces, i e , 17 per cent, 
leavmg 83 per cent as unnary In the duplicate expenment on subject 
RN, 2 7 grams out of the 12 3 grams of phosphorus recovered appeared m 
the feces, i e , 22 per cent, leavmg 78 per cent as unnary The average 
values for sodium aad phosphate exaction, therefore, are fecal, 19 per 
cent (roughly one-fifth), and unnary, 81 per cent (roughly four-fifths) 

In disodium phosphate expenment RN, 4 6 grams out of the 14 1 
grams of phosphorus recovered appeared m the feces, i e , 33 pa cent 
(roughly one-third) , leavmg 67 pa cent (roughly two-thirds) as unnary 
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In the equimolecular mixture experiment LZ, 1 7 grams out of the 
6 9 grams recovered appeared m the feces, i e., 25 per cent (roughly one- 
fourth) leaving 75 per cent (roughly three- fourths) as urinary 

One might summarise these results by statmg that irrespective of 
the potential aadity of the extra morgamc phosphate fed, one-fourth of 
the excreted phosphorus is fecal During the control penods, on a 
potentially neutral mixed diet, one-thud of the total phosphorus ex- 
cretion was fecal 

The net result of the phosphorus balance presented in Table I is 
(first) that irrespective of the potential aadity of the salt fed, one-fourth 
of the phosphorus is retamed, and (secondly) that irrespective of the 
potential aadity of the salt fed, one-fourth of the excreted phosphorus is 
fecal 

II The influence of the potential acidity of ingesta upon total fixed base 

metabolism 

The relation of phosphate excretion to the excretion of total aad, 
espeaally from the viewpoint of its bearmg on unnary aadity, has 
occupied the interests of many investigators of aad-base economy 
Folin (13) in 1903, m discussing the aadity of unne, pomted out the 
convenience of the assumption that the titratable aadity of urme is due 
to aad phosphate The classical work of Henderson (14) on the ex- 
cretion of aad catabolites emphasised the importance of using the 
hydnon concentration of the blood as a point of reference in titratmg aad 
excretion , and clarified the significance of unnary hydnon concentration 
in terms of the titration curve of orthophosphonc aad The chemical 
mechanisms by which phosphate is metabohzed, however, demand further 
clarification 


The neutralisation of phosphate vnthin the bowel 
When an morgamc salt or aad is fed, fixed base is added or withdrawn 
by the mtestmal juices so that the potential aadity of the onginal salt is 
altered If the potential aadity be far removed from neutrahty, this 
process may be spoken of as “neutrahzation” of the salt by the bowel 
The analogy is admittedly crude first, because the pH to which the salt is 
neutralised is not known exactly, and secondly, because complex organic 
buffer-substances withm the gut make exact physicochemical reasoning 
impossible. Nevertheless, such a concept may be profitably apphed to 
the fate of mgested phosphate when analyses are made on aqueous 
extracts of fecal ash by assuming that “ neutralization” occurs with 
reference to blood pH =• 7 4, or mtestmal pH >= 8 It is not easy to 
deade which of these hydrogen ion values is the preferable reference 
pomt. Fortunately, however, the base bound by phosphate between 
these two limits is relatively small and ather pomt may, therefore, be 
used for practical purposes 
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The onginal potential aadity of the phosphorus found (in feces) can be 
calculated as its base equivalent, i e , 1 8 times the mols of phosphorus 
involved When fecal fixed base is determined, the extent of “neutral- 
ization’ of the unabsorbed inorgamc phosphate may be estimated 
From the massed analytical data previously published (1), the values for 
fecal phosphorus and fecal fixed base have been abstracted, and are 
presented in Table II for comparison Because of fluctuations from 
period to penod only totals are discussed 

In sodium aad phosphate experiment WN, the extra fixed base (967 
cc N/10) more than neutralized the potential aadity (6) of the phosphate 
present (637 cc N/10, referred to pH = 7 4) The extra base (c) is in 
fact greater than the molal eqmvalent (a) of the extra phosphorus 
present (768 cc M/10) In sodium aad phosphate experiment RN, the 
extra fixed base (897 cc N/10) more than neutralized the potential aadity 
(6) of the phosphate present (718 cc N/10, referred to pH = 7 4) The 
extra base in this instance is approximately equal to the molal equivalent 
of the extra phosphorus present (865 cc M/IO) 

These results may be explained on the basis that the acid phosphate 
which escaped absorption (or was re-exaeted) was excreted chiefly m the 
form of disodium phosphate The figures, indeed, indicate for WN a 
fraction exacted as tertiary phosphate, and for RN a small fraction 
exacted as primary phosphate Such differences, however, are probably 
not significant m a metabolic procedure of this sort 

In the disbdium phosphate expenment RN, the extra fecal phosphorus 
(a = 994 cc M/10) would theoretically have earned with it, if excreted 
unchanged, 1988 cc N/10 fixed base (i e , sodium) The extra fixed base 
(c) actually foimd (2167 cc N/10) is in fair agreement, and indicates that 
this phosphate was exacted chiefly in the form in which it was fed 
The conclusion indicated by these three expenments is that fecal 
inorganic phosphate was excreted chiefly as the disodium salt irrespective 
of the form in which it was fed It is interesting that Berg (15) believed 
calaum phosphate to be exacted by bowel in tribasic form It is clear, 
however, that such a condition cannot be asenbed to the total fixed base of 
the feces when phosphate is fed The fact that calaum is a weaker base 
than sodium may explain this apparent disaepancy 

The mutrahzatton of phosphate tn the unne 
In the precedmg section, the base equivalent of the fecal phosphate 
exacted was found to serve as a rough measure of the extra fixed base 
exacted (by bowel) when inorganic phosphate was fed In the case of 
urinary exaction, an even more prease relationship exists at least for 
aad phosphate For the sake of clearness and brevity the analytical 
values for individual successive periods have been omitted from Tables 
III and rV, and only the summated values (representing nine consecutive 
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The foregoing prediction of fixed base excretion depended upon the 
assumption that the underlying general trend of inorganic salt metabolism 
remained undisturbed by the feedmg of aad phosphate When given a 
constant control diet, each subject had eventually amved at a plateau 
level of excretion for the several dietary constituents measured The 
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vanous factors which had determined the height of the plateau level are, 
of course, no better imderstood than are the factors which determined the 
phosphorus balance itself The addition of aad phosphate to the control 
diet, merely produced an mcremental change in the excretion plateau 
values which was assumed to be additive 

This assumption could not be maintamed, however, when basic 
phosphate was fed Table IV indicates that a fundamental shift m the 

TABLE IV 
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fixed base, indicated less base economy than before, but on the contrary 
the actual analyses showed a large positive fixed base balance More- 
over, Gambles total acid” (17) (i e , total anion) dropped from its 
control level, despite the fact that much extra phosphate ion was present 

This last fact makes it seem likely that the extra phosphate was 
excreted in preference to other anions (eg, chlonde or carbonate) 
Unfortunately, it was not possible in this study to have a complete 
analytical synopsis of anion excretion Such observations would of 
necessity entail analyses for the high carbonate content of alkaline unnes 
(descnbed by Gamble (18)) Our findings, madequate as they are, are 
reported here to show the need of more detailed study, which the phe- 
nomenon merits m view of its beanng upon the effect of alkaline diuretics 

DISCUSSION 

This mvestigation was undertaken with the supposition that phos- 
phate and aad exerted reaprocal effects upon their mutual and respective 
metabolisms The object of this study was to measure the extent of this 
mutual influence when inorgamc phosphate was fed to adult humans over 
a relatively short penod 

The fiirst question to be answered was How does the potential aadity 
of the inorganic phosphate fed affect the assimilation of phosphorus? 
The answer given by these expenments is essentially negative No 
definite mfluence of potential aadity could be discerned upon the 
absorption or retention of inorgamc phosphorus 

The second question to be answered was How does the potential 
aadity of the inorganic phosphate fed affect the fixed base metabolism 
while the extra phosphate is being excreted? In analyzing this problem, 
two rational mechanisms were encountered which explained quantitatively 
the excretion of total fixed base (i e , cation considered in its r61e as an 
electrolyte, apart from its alkaline properties) The first of these assumed 
that fecal phosphate was exaeted chiefly as disodium phosphate, re- 
gardless of its potential aadity when fed The second of these assumed 
that when the kidney failed to neutralize acid phosphate completely 
(either with ammonia or by altenng titratable aadity), the defiaency 
was made up quantitatively by draught upon the body’s reserve stores of 
fixed base 

It IS of passing interest that the subjects here descnbed apparently 
retained about one-fourth of the phosphate fed (irrespective of the 
potential aadity of the salt administered) Of more moment is the 
disaepancy between the respective amounts of aad (or base) recovered 
and the corresponding portions of phosphate recovered In the aad 
phosphate expenments four-fifths of the extra phosphate was found in 
exaeta, in which only one-third of the corresponding aad could be 
measured In the basic phosphate expenment, three-fourths of the 
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administered phosphate was recovered, but only about one-third of the 
fixed base. 

CONCLUSIONS 

The influence of the mgestion of sodium aad phosphate and disodium 
phosphate on the balance of inorganic electrolyte was studied m subjects 
on a constant, potentially neutral diet 

1 About one-fourth of the phosphate fed was stored Approximately 
one-fourth of the excess phosphate excretion was fecal 

2 Fecal inorgamc phosphate was excreted chiefly as the dibasic salt 
irrespective of the form in which it was fed 

3 With aad phosphate there was an mcreased excretion of inorganic 
base which was mainly urinary It was equivalent to the theoretical 
amount of base necessary to neutralise the excess phosphonc aad 
excretion, not conserved by titratable aadity and ammonia 

4 This simple mechanism, however, did not hold when disodium 
phosphate was adnunistered The mechanisms here mvolved are not 
yet obvious 
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DESCRIPTION OF PATIENTS 

A bnef description of each of the patients used in this investigation follows 
WN A marned female of 34 years of age, waghing 89 kilos, suffenng from 
chronic atrophic arthntis of 2 years’ duration (M G H number 289324 ) 
RN A single female of 39 years of age, waghing 56 kilos, suffering from 
rheumatic heart disease (imtral stenosis), chrome bronchitis, and bronchial 
asthma Dunng the penod of observation she had no cough, her chest was 
clear, and there were no signs of myocardial failure (M G H number 
286369 ) 

LZ A male, aged 18, waghing 60 kilos, recovering from chronic multiple 
neuntis, confined to bed because of weakness of extremities, but feeling well 
(M G H number 274029 ) 
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In the second paper of this senes (1) the disorders of calaum phosphate 
metabohsm were divided into three fundamental groups It was believed 
that under normal condibons body fluids contain all the calaum phos- 
phate which that particular fluid system can hold at that particular time 
The first and commonest group was that m which the body flmds contain 
less than this saturating amount of calaum phosphate. Because of this, 
calaum phosphate is not deposited into osteoid tissue with the resulting 
pathological picture of wide osteoid seams on the trabeculae (cf nckets 
and osteomalaaa) The second group was that in which the body flmds, 
because of certain extraordinary arcumstances, contain more than the 
normal quota of calaum phosphate and deposition in tissues other than 
osteoid tissue results (e,g ergosterol poisoning and cases of metastatic 
malignancy and myeloma) Finally, a third possibility presented itself 
It IS conceivable that the body flmds might contam a normal saturating 
amount of calaum phosphate, but that the proportion of the calaum ions 
to the phosphate ions might be abnormal Such, it was beheved, is the 
disorder m diseases of the parathyroid glands To recapitulate then, we 
conceived of three possible vanations from the normal saturation of body 
flmds with calaum phosphate (o) subsaturation, (6) supersaturation, 
and (c) anomalous-saturation (i e. quantitatively normally but quah- 
tatively abnormally saturated) 

In the first paper of this senes (2), the hypothesis was advanced that 
this abnormality in the relation of the calaum ion to the phosphate ion in 
parathyroid disorders was dependent upon changes m phosphorus 
excretion m the unne brought about by the parathyroid hormone Thus 
it was believed that on admimstration of the parathyroid hormone the 
first effect was an mcreased phosphorus excretion, that this resulted in a 
decreased serum morganic phosphorus, that this tended to leave the 
serum’s capaaty to take up calaum phosphate unfulfilled that calaum 

‘ Delivered in abstract at the meeting of the Amencan Soaety for Chmcal 
Investigation, May 4, 1931, Atlantic City N J 
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phosphate was mobilized from the bones to meet this tendency to a 
defiaency, that eqmlibnum was finally established with the blood 
phosphorus slightly lowered and the blood calcium slightly raised, and 
that, as a result of the raised blood calcium, the unnary calcium excretion 
was increased No hypothesis was offered to explain the mechanism of 
this initial increased phosphorus excretion The known facts would be 
explained if we hypothesized a sudden lowenng of the threshold for 
phosphorus excretion in the unne on the administration of the parathyroid 
hormone The cause for this apparent change in the kidney threshold 
for phosphorus might be clear if we knew what the cause for any kidney 
threshold was, and will probably not be found in the kidney but rather in 
some physical-chemical eqmlibnum in the body as a whole 

If one believes in this hypothesis of Albright and Ellsworth (2), which 
makes the calaum changes m parathyroid dysfunctions secondary to 
phosphate changes, it is of course logical to attempt to correct the calaum 
abnormalities in hyperpcirathyroidism by first attacking the phosphorus 
abnormalities In their experiment III, Albnght and Ellsworth (2) were 
able to influence only slightly the high blood phosphorus of a patient with 
hypoparathyroidism by first giving a high phosphorus diet and then 
abruptly changing to a low phosphorus diet The present investigation 
is the exact antithesis to the above, it was undertaken to determine 
whether the low blood phosphorus in hyperparathyroidism can be altered 
by diet Bauer, Albnght, and Aub (3) pointed out that in clinical 
hyperparathyroidism “a high phosphorus diet might be more efficacious 
from a therapeutic standpoint than a high calaum diet ” 

Whereas it is our working hypothesis that the state of hyperpara- 
thyroidism with Its high blood calaum and low blood phosphorus is 
reached because the parathyroid hormone lowers the threshold for 
phosphorus excretion in the unne, it must be emphasized that this state 
leads to skeletal decalafication and dephosphatization because of the 
increased calcmuna resulting from the high blood calaum Because the 
blood calaum is not much mcreased by a high calaum diet, this increased 
calanuna, dependent on the height of the blood calcium, is not apprea- 
ably mcreased by a high calaum diet, and the patient with clinical 
hyperparathyroidism studied by Bauer, Albnght and Aub (3) was kept in 
calaum eqmlibnum by this means Thus a high calaum diet merely 
combats a comphcation (inaeased calanuna) of the state of hyperpara- 
thyroidism but does not alter the state It was to be hoped that a high 
phosphorus diet would raise the blood phosphorus, as a result lower 
the blood calaum, and thus decrease the calaum exaebon Thus 
calaum balance might be obtained likewise, and furthermore, the state of 
hyperparath 3 TOidism might be altered in the direcbon of normal 
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EXPERIMENTAL 

Three patients with conditions which metabohcally correspond to 
hyperparathyroidism were studied m the Metabolism Ward for fore 
periods on weighed diets and then under exactly the same conditions 
except for the addition of large amounts of phosphate to the diet. The 
unne and feces were analyzed in three-day penods for calcium and 
phosphorus The methods for the preparation of the diet and the 
collection of the excreta were those previously reported (4) Serum 
morgamc phosphorus and calaum detemunations were done on venous 
blood obtained before breakfast. All calaum determinations were done 
by the Fiske method (5), and all phosphorus detemunationa by the 
Fiske and Subbarow method (6) 

Expenmenl I 

The subject of this investigation was the same sea captam on whom 
m 1926 the chnical diagnosis of hyperparathyroidism was made for the 
first time m this country by Dr Eugene F DuBois It is not necessary 
to repeat the details of his history or previous raetabohc findings as they 
have been reported elsewhere (7) (3) (8) The essential features me that 
he presented all the criteria of hyperparathyroidism, — osteitis fibrosa 
cystica generalisata, high blood calaum, low blood phosphorus, and 
inaease of calaum and phosphorus in the unne that at operation, no 
parathyroid tumor was found, that the situation was little if at all 
altered by the removal of tw o small parathyroid glands that it was found 
that the decalaficabon could be combatted by a verv high calaum diet, 
that as a result of a prolonged regime on a high calaum diet the patient 
was brought from a bedndden state to an economically self-supporting 
state, but that m spite of all he contmued to present all the catena of 
hyperparathyroidism 

The patient was studied for three three-day penods on a high calaum, 
moderately high phosphorus diet He was then studied for one two-day 
penod and for three three-day penods on the same regime plus large 
amounts of phosphate by mouth Penods IV and V, the first two 
penods on the high phosphate diet, are of little value because of nausea 
and vormting occasioned by the mgestion of secondary sodium phosphatel 
As a result aad sodium phosphate was resorted to The more neutra 
salt had been chosen because of the known action of aad salts in increasing 
the excretion of calaum m the unne Any dinunution in the calaum 
excretion obtained by the mgestion of the pnmary sodium phosphate salt 
may be considered to have occurred in spite of this factor The COi com 
bimng power of the serum as a matter of fact was little altered, being 47 
and 44 volumes per cent dunng the last penod at the height of the aad 
mgestion The data are presented m Table I and Chart I 



TABLE I 

Calcium and phosphorus data of expeninent I 
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Chart I Calciuu and Phosphords Data for Experiment One 

Heavily hatched and dotted columns indicate Ca excretion lightly hatched 
and dotted columns indicate phosphorus excretion Hatched area urinary 
excretion, dotted area fecal excretion + indicates intahe. 
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During the three control periods the expected findings were present 
The serum calaum was very high (14 1 mgm per 100 cc), the serum 
phosphorus was correspondingly low (2 8 mgm per 100 cc ) , the calaum 
in the urine was markedly elevated (1 00 gram m 3 days) , and the ratio of 
phosphorus in the unne to phosphorus in the feces was very high The 
serum phosphorus was slightly higher than in 1926 when it averaged 
about 2 0 mgm per 100 cc The calaum excretion in the feces was much 
higher than one would have expected from the 1926 studies At that 
time on a calaum intake of 3 22 grams per three-day period, the fecal 
calaum was 1 68 gram The high calcium intake in the present investi- 
gation was obtained by adding calaum gluconate to the diet whereas in 
1926 It was obtained by altering the diet itself 

Examining first the phosphorus changes, one notes that uith the 
establishment of the high phosphorus intake most of the phosphorus was 
absorbed as judged from the fecal values, but that there was an immediate 
and marked increased excretion of phosphorus in the unne The in- 
creased urinary phosphorus excretion did not, however, compensate for 
the increased phosphorous absorption and the serum phosphorus rose 
(2 5 mgm to 5 9 mgm ) Judging from the rapidity with which the 
unnary phosphorus excretion rose one can infer, we believe, that the 
low serum phosphorus at the outset was not below the threshold for 
phosphorus excretion, but that the threshold itself was low Comparing 
penod VII with penod I, one notes that about 4 0 grams more phosphorus 
were excreted m the unne in penod VII than in penod I This means 
that 4 0 more grams of phosphorus went from the blood into the unne 
However, if one assumes that the blood volume was 5 liters for rough 
calculations, there was only about 150 mgm increase in phosphorus 
content in the entire blood in penod VII over penod I It would appear 
that the kidney was making every effort to excrete the added absorbed 
phosphorus and was only about 150 mgm behind at the end of the 
investigation One gets the impression that any changes brought about 
by the high phosphorus ingestion are merely due to the slight lag m the 
ability of the kidney to establish equilibnum 

Turning to the calaum data one notes that as the serum phosphorus 
rose the serum calaum fell However, one notes that the Ca X P 
product rose very appreaatively This is in stnking contrast to the 
situation which one obtains when the calaum is lowered by decreasing 
the degree of hyperparathyroidism (1) This again suggests that the 
increased absorption of phosphorus was too rapid to allow equilibrium to 
be established As was to be expected, with the lowenng of the blood 
calaum there was a corresponding lowenng of the urinary calaum 
excretion The fecal calaum excretion was not affected It would 
appear that fecal calaum exaetion is not a threshold phenomenon (cf 
normal fecal calaum exaetion in hypoparathyroidism at a time when the 
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serum calaum is below the threshold for urmary calaum excretion) 
With the mcrease m the Ca X P products it is probable that the tendency 
to deposit calaum phosphate mto the bones was increased and this is 
borne out by the tendency for the balances of Ca and P to become 
positive. 

The conclusions suggested from experiment I are 

I In cltmcal hyperparathyroidism the ingestion of large amounts of 
phosphate results in almost complete absorption of the phosphate into the 
blood stream 

II The absorbed phosphates are rapidly excreted by the kidney suggesting 
that the depressed serum phosplumis level in hyperparathyroidism is not 
below the threshold for phosphorus excretion, but that the threslwld itself is 
low 

III In spile of the effort of the kidney to excrete the phosphate, the 
serum phosphate can be made to rise and the serum calcium to fall by ingestion 
of huge amounts of phosphate 

IV However, the fall in calcium does not correspond to the rise in phos- 
phorus and the Ca X P product rises This rise promotes calcium 
deposition 

V Finally, with the lowering of the serum calcium, the urinary calcium 
excretion « diminished 

VI The net result of ingestion of phosphate in hyperparathyroidism is 
the tendency to produce a positive balance of calcium phosphate and the 
altering of the serum calcium and phosphorus values in the direction of 
normal 

Experiment II 

The subject of this investigation is suffenng from a malady which m 
every respect resembles that of the previous patient and which has run 
the same course The history and x-ray findmgs are given m the ap 
pendix (q V ) The essential facts for the present discussion are that she 
is a mamed woman of 41 who entered this hospital with marked osteitis 
fibrosa cystica generalisata and metabohc evidence of hyperpara- 
thyroidism, and that, following the investigation to be reported here, she 
was operated upon without the finding of a parathyroid tumor, but with 
the removal of two normal parathyroid glands The operation was 
apparently without benefit. 

The patient was studied for two control periods on a low calaum and 
normal phosphorus diet. In penod III large amounts of tertiary sodium 
phosphate by mouth were added to the diet This immediately caused 
nausea and vonuting so that agam aad sodium phosphate was resorted to 
This was well tolerated No marked aadosis was occasioned by this 
therapy as the CO« combming power of the serum at the end of the 
mvesPgation was S9 volumes per cent. The data are showm in Table 
II and Chart II 
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During the two control penods the eicpected findings were present 
The serum calaum was very high (14 2 mgm per 100 cc.) the serum 
phosphorus was very low (2 32 mgm per 100 cc.) , the calcium m the 
urine was markedly elevated (706 mgm m penod I compared to a normal 



Chart II CAuauu and Phosphorus Data for Experiuent Two 

Heavily hatched and dotted columns indicate Ca excretion, Ughtly hatched 
and dotted columns indicate phosphorus excretion Hatched area unnary 
excretion dotted area fecal excrebon + indicates intake. 

value of 190 mgm for normal mdmduals under a similar regime (9)), 
and the phosphorus excretion was predominantly in the unne The very 
low fecal calcium excretion alone demands speaal comment It would 
appear that m hyperparathyroidism not only is there no increased 
excretion of calaum into the gut as a result of the high serum calaum, 
but there is an increased absorption of calaum from the gut It is very 
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Significant that in no one of the 46 three-day penods on 13 normal indi- 
viduals reported by Bauer, Albnght and Aub (9) was the fecal calaum 
excretion on a similar low calcium diet below 200 mgm Apparently in 
hyperparathyroidism, calcium is withdrawn from the gastro-intestmal 
tract as well as from the bones The low partition of fecal phosphorus 
compared with urinary phosphorus in this condition probably is de- 
pendent on the same pnnaple This particular finding in clinical 
hyperparathyroidism does not correspond with the observation made by 
Albnght, Bauer, Ropes and Aub (10) that administration of parathyroid 
hormone to normal individuals is without effect on the fecal calaum and 
phosphorus excretions The discrepancy may be due to the depletion of 
reserve supplies of calaum m the bones in the long standing cases Such 
an explanation is supported by the fact that the fecal calcium continued 
low in a case of hyperparathyroidism recently studied even after removal 
of the parathyroid tumor, agam suggesting that the decalcification 
rather than the degree of hyperparathyroidism is the deciding factor 
here ® 

With the ingestion of phosphate m penods III, IV, and V, it is very 
remarkable that the fecal phosphorus excretion was not increased, 
showing that the additional ingested phosphate was completely absorbed 
This again emphasizes the tendency in this condition to absorb calaum 
and phosphorus from the gastro-intestinal tract The absorbed phos- 
phorus immediately appeared m the urine Again there was a rise in the 
serum phosphorus One notes that dunng penods IV and V there was no 
further nse in serum phosphorus This probably indicates that the 
serum phosphorus was now suffiaently above the threshold for phos- 
phorus excretion so that as much phosphorus was leaving the blood 
through the urine and into the bones as was being absorbed from the 
gastro-intestinal tract It is possible that some of the ingested phosphate 
of the last day of the investigation was still in the gastro-intestinal tract, 
thus explaining the otherwise unaccountably high balance of phosphorus 
in period V As the serum phosphorus rose, the serum calaum fell but 
again not proportionately and there was a slight nse in the Ca X P 
product The last serum values on the morning following the last day 
of the experiment are very instructive We have previously explained 
the high Ca X P products with mgestion of phosphate on the ground that 
phosphorus was being so rapidly absorbed into the blood stream that 
eqmlibnum could not be established Here in penod V this absorbed 
phosphorus was bang entirely excreted or deposited It is not surpnsing, 
therefore, at the end of penod V to find that the serum calaum had 
adjusted itself to the then stationary serum phosphorus level and that the 
Ca X P product was the same as at the beginning Finally, with the 


* To be pubbshed 
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loirenng of the serum calaum, the unnary calaum excretion was 
diminished 

Experiment II very much strengthens the observations made in 
experiment I, and suggests the fotlowmg additional conclusions 

VII In hyperparathyroidism there u either a decreased excretum into or 
more likely an increased absorption of calcium and phosphorus from the 
gastrointestinal tract 

VII-A It follows as a corollary that calcium excretion into the gastro- 
intestinal tract IS not a threshold phenomenon in the sense that calcium 
excretion into the unne is 

VIII The changing serum calcium and phosphorus values brought 
about by phosphate ingestion in hyperparathyroidism reach stationary levels 
at a new equilibrium when the serum phosphorus has risen suffictenAy above 
the unnary threshold to cause the additional absorbed phosphoms to be 
excreted in the urine and when the serum calcium has adjusted itself to this 
new serum phosphorus level 


Expenment III 

The subject of this mvestigation is extremely interestmg m that she 
presents all the metabolic critena of hyperparathyroidism, but in a 
milder degree than in any case yet reported Most cases in the hterature 
have had extreme degrees of this malady The case history and climcal 
findmgs appear m the appendix 

The calaum and phosphorus data are given in Table III and Chart III 
During the control periods all the metabohc abnormalities of hyper- 
parathyroidism were present the high serum calaum (12 9 mgm per 100 
cc.), the low serum phosphorus (2 6 mgm per 100 cc.), the high unnary 
calaum values, the very low fecal calaum values, and the high partition 
of phosphorus in the unne With the mgesbon of phosphate one notes 
again almost complete absorption This time, however, the mcrease in 
the excreted phosphate plus the mcrease m what phosphate was ap- 
parently deposited m the bones was suffiaent to account for all the 
increase in absorbed phosphate so that there was no mcrease m the 
serum phosphorus level One would have expected, therefore, no 
lowermg of the serum calaum and there was no lowermg Thus far 
everything fits previously discussed ideas 

But the unexpected findmg is that the unnary calaum excretion is 
diminished to a normal level, m spite of no decrease m the serum calaum 
level Obviously, some of the calaum which would have been excreted 
in the urme has been deviated mto the bones together with the deposited 
phosphate. It is evident that one is confronted here with a high serum 
calaum and a normal unnary calaum excretion, an entirely unpre- 
cedented situation m our expenence which weakens the conception of 
calaum as a threshold substance. We can merely pomt out this dis- 
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Chart III Calcium and Phosphorus Data for Experiment Three 

Heavily hatched and dotted columns Indicate Ca excretion lightly hatched 
and dotted columns indicate phosphorus excretion Hatched area unnar> 
excretion dotted area fecal excretion + indicates intake 
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crepancy but cannot explain it One might m this connection call 
attention to the hypercalcinuria with normal blood calcium seen in 
hyperthyroidism (11), and acidosis (10) These latter instances, although 
in certain respects the antitheses of the above, do not necessarily test the 
threshold theorj^ They merely illustrate that the kidneys can excrete 
large amounts of calcium y ithout haxnng a readily detectable increase in 
the serum calcium 

Experiment III, in addition to lending support to previous con- 
clusions, suggests that 

IX Unless the ingestion and absorption of phosphate is so great in 
hyperparathyroidism that the sum of the increased urinary phosphorus 
excretion and the increased deposition of phosphorus in the bones cannot 
keep pace imih the increased absorption of phosphorus, there is no rise in 
serum phosphorus and consequently no fall in serum calcium 

X It is possible that under certain conditions such as an e\cess of 
phosphate for deposit, there may be, in spite of a very high serum calcium, a 
normal calcium excretion in the urine 

DISCUSSION 

A Dangers of phosphate administration 

By way of warning, we believe that phosphate ingestion in hyper- 
parathyroidism is associated with two real dangers 

In the first place it has been shown by animal expenmentation (12) 
that before death from parathyroid overdosage there is a shutdown of 
kidney function, presumably due to the increased viscosity of the blood, 
and a resulting rapid nse in serum nonprotein nitrogen and inorganic 
phosphorus When this complication occurs there is present in the 
blood a high serum calaum and high serum phosphorus One is then 
confronted with our second group of disorders of calcium phosphate 
metabolism, namely, a supersaturation of the blood with calcium phos- 
phate and a tendency to precipitate calcium phosphate into tissues other 
than osteoid tissue If parathormone administration is continued, the 
dogs die m uremia and show at autopsy calaum deposits in the alveolar 
walls of the lungs, the mucosa of the stomach, the kidney parenchyma, 
and the thyroid gland (13) Any administration of phosphates in the 
presence of this complication, this state of parathyroid poisoning as it 
V ere, v ould merely hasten death by increasing this supersaturation of the 
blood On this ground we believe the administration of phosphate to a 
patient at a time when the serum calaum and phosphorus are both high is 
contraindicated The patient ivith multiple myeloma reported by 
Bulger, Dixon, Barr, and Schregardus (14) may be a case in point This 
patient had a blood calaum of 17 8 mgm and a phosphorus of 5 3 mgm 
when phosphate was administered and show'ed at autopsy calaum 
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deposits in the lungs, gastnc mucosa, and kidneys It is of interest that 
most of the cases of hyperparathyroidism reported are of a se\ erity ivhich 
would be considered near the danger level of parathyroid poisoning in 
animals It is surprising that they do not surpass this level more often 
and reach the state of parathyroid poisonmg and death There are three 
such cases m the literature where death was probably due to para- 
thyroid poisoning, Daivson and Struthers (41), Hofflieinz (15) and 
Penecke (16) These patients died in uremia and showed at autopsy in 
addition to the osteitis fibrosa cystica generahsata and parathyroid 
tumors, calcium deposits in the lungs thyroid kidney parenchyma, and 
other organs They were therefore, pathologically analogous to dogs 
d>ing from parathormone overdosage (13) 

The second danger of phosphate ingestion in these patients is more 
often encountered Many of these patients have bilateral calaum 
phosphate stones in the kidney pelves Thus, patient I gave the historj 
of having passed gravel and patient II has bilateral kidney stones The 
stones are w ithout doubt due to the increased calcium and phosphorus in 
the unne Phosphate ingestion increases tremendously the phosphatuna 
and hence the danger of stone formation The decreased calcinuna is of 
course, a favorable factor It seems wise in admmistenng phosphate to 
force flmds and to keep the unne acid Mono-sodium phosphate s, 
therefore, perhaps preferable to the more alkaline salts 

B Secondary hyperparathyroidtsm 

In the introduction vie have summanzed our conception of the 
modus operandi of the parathyroid hormone in producing changes m Ca 
and P metabolism We have suggested that the first step is an apparent 
change in the threshold for phosphorus excretion in the unne The 
evndence for a high threshold in hypoparathyroidism is twofold (a) The 
almost complete disappearance of phosphorus from the unne in a case of 
hypoparathyroidism on an extremely low phosphorus diet in spite of a 
conpnued high serum phosphorus (2) and (6) the promptness with 
which the phosphorus excretion m the unne dropped when a high phos 
phorus diet was suddenly changed to a low phosphorus diet in the same 
individual, showing that the high serum phosphorus did not represent a 
renal retention phenomenon 

The evidence for a low threshold for phosphorus excretion in hyper 
parathyroidism is (o) The promptness with which absorbed phosphate is 
excreted in the unne in the patients here discussed and (b) the resistance 
which the low serum phosphorus exhibited to being raised by the large 
amounts of phosphate vihich passed through the blood m these ex 
penments 

\Mith these facts before us a previously unaccountable finding in a 
patient studied by Aub, Albnght, Bauer and Rossmeisl (17) perhaps now 
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becomes explainable and ven” instructive This patient because of 
chronic steatorrhea and the consequent lack of absorption of calcium had 
reached a condition w here the serum calcium was ver^ much diminished 
The serum phosphorus vas likewise reduced The disorder of the 
calcium phosphate metabolism was, therefore, of the “subsaturation” 
variety The unexpected finding was that in spite of the low serum 
phosphorus this patient was excreting a normal or even increased amount 
of phosphorus in the unne The supposition had to be made that, if such 
a thing as a kidney threshold for phosphorus exists, it must have been 
lowered m this patient But, having used lowering of kidney threshold 
for phosphorus to explain the findings m hyperparathyroidism, one did 
not like to resort to this in an entirely different situation But i\ as the 
situation entirely different^ 

Is there any evidence that hyperparathyroidism may exist as a 
secondary phenomenon in the “subsaturation” group of disorders^ In 
1907 Erdheim (18), then a pupil of Weichselbaum, studied the parathvroid 
glands in seven cases of puerperal osteomalaaa and one case of senile 
osteomalacia In six of the eight cases the parathyroid glands were 
either enlarged or show^ed evidence of hyperplasia In five of the six 
cases multiple parathyroid glands were involved The histological 
evidence for hyperplasia rested on the presence of many circumscribed 
zones of young cells w^hich were akin to the chief cells but w hich wnth fat 
stains show'^ed vety little intracellular fat We can refer to these as 
proliferation zones (Wucherungsherde) In only one of nine control cases 
did Erdheim find the same degree of histological evidence of hyperplasia 
and this wms a very old man w^hose skeleton w'as not examined In 1914 
Erdheim (19), by an ingenious projection method, made enlarged w^ax 
models of parathyroid tissue in rats and w as able to show^ that hypertro- 
phy of all parathyroid tissue including accessoty parathyroid tissue occurs 
in rats suffenng from nckets The World War interrupted his measuring 
the parathyroids in cases of infantile nckets m the same w^ay He made 
the prehminaty obsen^ation, however, that the parathyroids appear 
enlarged in this condition, although microscopically he was unable to 
note any constant changes Bauer (20), also a pupil of Weichselbaum, 
reported in 1911 a case of osteomalacia in which the bone condition was 
noted only after attention had been directed to the skeleton bv the finding 
of hypertrophy and hy^perplasia in all the parathyroids Weichselbaum 
(21) himself reported the finding of enlarged parathyroids in tivo cases 
of late rickets The findings of this Viennese school have on the w'hole 
been substantiated 

Thus, m 1907 Schmorl (22) reported parathyroid hypertrophy in only 
one of four cases of osteomalacia and failed to find parathyroid changes in 
four cases of nckets and tw'o cases of late nckets, but neglected to study 
the parathyroids with fat stains for proliferation zones, in 1909 Strada 
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(23) reported hyperplasia in one case of osteomalacia m 1912 Todyo (24) , 
a pupil of Schmorl, reported hyperplasia in six out of seven cases of 
osteomalacia and in eight out of eleven cases of senile osteoporosis, and in 
only four out of twenty four control cases two of these four being in 
pregnant patients, a condition which in itself bnngs about hyperpliisia 
(25) , in 1912 Hohlbaum (26) reported a case of osteomalacia with 
hypertrophy and hyperplasia of all parathyroid glands in 1916 Maresch 
(27) reported hypertrophy and hyperplasia of the parathyroids in eight 
cases of senile osteomalaaa and twenty eight cases of senile osteoporosis 
in 1920 Ritter (28) reported hyperplasia of the parathyroids in ten cases of 
nckets, three cases of osteomalacia and one case of osteoporosis in 1921 
Pappenheimer and Minor (29) found the parathyroid glands in fourteen 
cases of nckets much larger than those from eighteen non rachitic con 
trols in 1922 Hartwich (30) found hypertrophy of the parathyroids in 
fifteen cases of nckets, in 1925 Kerl (31) found hypertrophy and hyper- 
plasia of all parathyroids m a case of puerperal osteomalacia and a case of 
osteoporosis in the same year Damsch (32) found proliferation zones of 
chief cells in the parathyroids in hienty three out of forty' seven indi 
viduals over snxty years and out of these nineteen had senile osteomalacia 
in 1925 Doyle (33) found the parathyroids of rachitac chickens enlarged 
in 1926 Nomdez and Goodale (34) confirmed this and in 1928 Higgins and 
Sheard (35) showed that ultraviolet light prevented the hypertrophy of 
chickens parathyroids on a rachibc diet 

We have therefore, pathological as well as metabohc evidence that 
the parathyroid glands are overacbve in the 'subsaturabon ' group of 
disorders It should be emphasized that multiple parathyroids are 
insolved in this condition and that as Erdheim first pointed out there is 
every reason to believe this a compensatory mechanism The situation 
IS in direct contrast to primary hyperparathyroidism, associated with 
osteitis fibrosa cystica generalisata m which only one parathyroid is 
enlarged but this to a marked extent It seems entirely probable that the 
stimulus for the parathyroid gland secretion is a low blood calaum, that 
a low blood calaum, when dependent on conditions outside of the 
parathyroid glands produces a hyperplasia of the glands that such 
condibons are, consequendy, assoaated with a secondary hyperpara- 
thyroidism and that, therefore, a low threshold for phosphorus excretion 
IS to be expected The presence of hyperparathyroidism with a low 
blood calaum is after all not so surpnsing as w e are dealing w ith hyper- 
parathyroidism complicating the “sub rather than the “normal 
saturation ' state According to the theory outlined here the reason for 
the high blood calcium in hyperparathyroidism is to compensate for the 
low blood phosphorus m order to maintain normal saturation, but m the 
Bubsaturation group of disorders all possibility of compensation has been 
lost Further evndence of the correctness of this view is given in un 
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published data obtained by Bauer and Alarble The\ were unable to 
elevate the depressed serum calcium in this same patient with para- 
thormone This could ha\ e been and as a matter of fact w as predicted 
Furthermore, when this underhmg difficulty, the failure to absorb 
calcium, was overcome by ergosterol medication, the serum calcium 
promptlv rose, but the serum phosphorus lagged behind for many weeks 
and w as the last abnormality to correct itself (36) One w ould expect the 
hyperplasia to disappear only gradually w'hen the cause of the hx perplasia, 
the low serum calcium, had been removed 

A lowenng of the blood phosphorus without a raising of the blood 
calcium bi the parathyroid hormone in the subsaturation group of 
disorders is not without example in the literature Shohl, Wakeman, 
and Shorr (37), studying the effect of parathormone on infantile tetany, 
produced in one of two cases a fall in serum phosphorus from 9 3 to 3 1 
with no corresponding rise in serum calcium Our metabolic criteria of 
hyperparathyroidism, namely a high unnarx' P excretion in the presence 
of a loxv serum P, w^ere present in the patient wnth osteomalaaa studied bx' 
Gargill, Gilligan, and Blumgart (38) and in the four patients with 
osteomalacia studied by Abies and Feng (39) 

The implication of such a theoty, which states that disorders associated 
with subsaturation may be, in fact probablx' usually are, associated xxith 
secondary hyperparathyroidism is far reaching It means that part of 
the disordered metabolism of rickets and osteomalacia is due to secondaty 
hyperparathx'roidism It means that the blood calaum is no longer the 
measuring stick of the degree of hyperparathyroidism, rather the blood 
phosphorus It means that, although in osteitis fibrosa cystica gener- 
ahsata the bone condition is secondaty to the parathx^oid condition, in 
nckets and osteomalacia, and other allied conditions the parathyroid 
abnormalitx' is secondary'- to the bone abnormality 

That the abnormalities in calcium metabolism in hyperparathyroidism 
are minimi7ed bx" phosphate ingestion and that these findings support the 
theorx' of parathyroid function xvhich makes the calcium abnormalities 
secondary to the phosphorus abnormalities has been clearlx' demonstrated 
and amply discussed \^e did not tty phosphate ingestion on the one 
case of prox'en parathyroid tumor which we hax^e had the opportunity to 
studx'^ m our clinic That such patients, hoxvever, respond in a similar 
fashion is shown bv the expenments of Bulger, Dixon, Barr and Schre- 
gardus ( 14') Their patient I belonged in this group and before operation 
phosphate ingestion produced changes similar to those reported in this 
paper There is one verx^ definite difference, however, betxxeen the 
sequence of extents which follows the remoxal of a tumor in hx^perpara- 
thx^roidism and that which follows the ingestion of phosphates In the 
former case, the phosphorus rise and the calcium fall in the serum are 
such that the product of Ca X P does not rise, in fact temporarily often 
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fills In the latter case, we have observed that the product nses Thus, 
whereas the calaum fall is obviously due to the phosphorus nse in the 
latter case, if the same is true in the former, there is left to be explained 
why m the former case the calaum fall is more delicately adjusted so as 
not to disturb the Ca X P product Whereas this finding is against the 
theory w e are supporting w e believe it can be explained The explanation 
wall be reserved until a later paper which discusses the sequence of erents 
in calaum and phosphorus metabolism following the remorTil of a 
parathyroid tumor 

SUMMARY AND CONCLUSIONS 

1 Three cases of clinical hyperparath>roidi3m have been treated by 
ingestion of phosphates with beneftaal results 

2 The metabolic sequelae of such treatment are (a) almost complete 
absorption of phosphates into the blood stream (t) rapid exaetion of the 
absorbed phosphates by the kidnevs (r) a rise of the previouslv low serum 
phosphorus, (d) a fall of the previously elevated serum calaum (e) a 
nse at first of the Ca X P product in the serum, and (f) a fall of the 
unnary calaum exaction 

3 The net result is an inaease in the balances of calcium and phos 
phorus and a return of the serum lerels of both m the direction of normal 

4 The rapidity with which the absorbed phosphorus is excreted in 
the unne and the resistance which the low serum phosphorus exhibits to 
being raised suggest that the threshold for phosphorus exaetion into the 
unne is lowered in hjperparathvroidism, and we consider this the most 
fundamental change in the Ca and P metabolism in this condition 

5 It appears that in long standing hyperparathyroidism there is 
inaeased absorption of calaum and phosphorus from the gastro 
intesbnal tract and that exaetion of calcium into the gastro intestinal 
tract IS not a threshold phenomenon dependent on the level of serum 
calaum 

6 There are two theoretical dangers of phosphate ingestion in 
hyperparathyroidism (o) preapitation of the state of parathx roid 
hormone overdosage called in this paper “parathyroid poisoning, with 
death from uremia and calcium deposits in the lungs, mucosa of the 
stomach thyroid gland and kidney parenchyma (b) danger of produang 
bilateral phosphate stones in kidne> pelves 

7 It IS suggested that a low serum calaum is the stimulus for the 
parathyroid secretion and that a low serum calaum due to causes other 
than parathyroid hypofunction leads to secondary hyperparath>’Toidism 

8 Inasmuch as conditions other than hypoparath> roidism associated 
with a low serum calaum for the most part belong to the “ subsaturation 
group and inasmuch as a nse in serum calaum in response to the para- 
thyroid hormone would only be expected to occur under conditions of 
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normal saturation, secondary’- hyperparathyroidism is often not associated 
n ith h\ percalcinemia 

9 It follows as a corollary that the serum calcium is not always a 
measunng stick of the degree of hyperparathyroidism, — rather the serum 
phosphorus 

10 A review of the literature adds both histological and metabolic 
e\ idence to support the existence of secondary^ hyperparathyroidism m 
the “subsaturation ” group of disorders 


APPENDIX 

Case 2 Mrs N B (M G H number 307624), a married white 
woman of 41 entered the Massachusetts General Hospital on July 11, 
1930, complaining of rheumatism of 5 years’ duration 

The history show'ed the follownng salient features 5 years ago, follow ing 
fifth pregnancy, onset wnth generalized w'eakness and pains in knees 3 
years ago exacerbation during eighth month of sixth pregnancy Crutches 
then became necessary^ She was treated for flat feet and teeth w^ere 
removed without benefit Two years ago she slipped and fractured right 
hip, requinng four months m plaster cast The fracture united Seven 
months ago, she slipped and fractured collar bone on right and shortly 
thereafter without adequate cause she fractured the upper end of her 
right humerus Patient had had poly'^dipsia for about two years No 
abnormality of diet was elicited Calcium and phosphorus intakes w^ere 
not deficient 

The past history w^as entirely irrelevant The catamenia was not 
remarkable 

Physical examination A rather obese woman slightly bent over, 
mentally' clear and very intelligent Pupils reacted to light and m 
accommodation Mucous membranes were slightly pale Tonsils w'ere 
small and buned All teeth w'ere out and no false teeth had been 
supplied Neck showed no tumor Left border of heart was 1 cm 
beyond mid-clavicular line A sy'-stolic murmur w'as present at the apex 
Blood pressure w'as 185 systolic and 105 diastolic Lungs not abnormal 
Liver and spleen w'ere not felt Knee jerks present and sluggish There 
was tenderness over nbs and long bones and left shin bone felt rough and 
nodular 

Laboratory findings Blood — Red count 3,400,000 White count 
4,800 Hemoglobin 60 per cent Smear w'as not remarkable Urine 
showed albumin and clumps of white cells m all specimens Cultures 
showed no growth Gastric analysis — Free hydrochloric acid w'as 
present after ergamine Basal metabolism [- 3 M assermann nega- 

tive Serum calcium, 14 2 mgm per 100 cc Serum phosphorus, 2 3 
mgm per 100 cc 
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C\stoscop\c report {V)r C S Swan) "The pvelograms shoiv bilateral 
hydronephrosis mth injection The functions and nonprotein nitrogen 
ha\e not been materially affected to date The stone in the left ludnej 
IS in the renal pelvis and acts probably as a ball-vaKe.” 

A rovi These have been reported in detail by Dresser and Hampton 
(40) All the bones examined are abnormal they appear coarse in 
texture and of increased radiabilitv The bone trabeculae are widely 
separated interrupted, and disorganized There are multiple cyst-like 
areas of bone destruction most numerous in the peK is and upper ends of 
the femora where they vary from 1 to 3 cm in diameter These cysts are 
sharply defined and are seen in the pelvis left radius, nbs, both bones of 
both low er legs, skull and scapulae In the nbs, radius, and fibulae, there 
IS expansion and thinning of the cortex of the bone simulating a giant cell 
tumor There is ex idenee of patliological fracture m the nght fibula and 
crest of the left ihum These fractures have united wnth an overgrow th 
of bone The skull and vertebrae present a peculiar moth-eaten appear 
ance, characterized by punched out areas of bone absorption intermingled 
wnth dense round bone deposits These small bone deposits are about 2 
mm in diameter and the areas of bone destrucbon vary from 1 cm down 
to 1 mm In addibon the x rays showed bilateral renal calculi 

Operation (Dr Richard C Miller) The thyroid was completely 
exposed but no parathyroid tumor could be found The two lower 
parathyroids were idenbfied and removed They were each about the 
size of a split pea The upper parathyroids were not seen Some bssue 
was removed in addibon which later turned out to be thymus 

Microscopic examination of parathyroids revealed “structure of normal 
parathyroid glands 

Result of operation was without benefit to pabent 

Case ?, Mrs M D (M G H number 276450), a married colored 
woman of 22, first entered the hospital on May 21, 1926, because of pain m 
the nght hip of b\ o vears duration 

Present illness Pabent had been manned 2J years Dunng this 
bme she had had four pregnanaes, the first two resulting m miscarnages, 
the third resulbng in the birth of a child which lived four w eeks, and the 
fourth terminabng three weeks before entry with the birth of a healthy 
son 

For over bvo years pabent had had pain m her nght hip which was 
aggravated by pregnancies Dunng past five months pabent had been 
unable to flex thigh or abdomen because of pain There had been 
recently pains in nbs as well, made worse by deep breathing 

Past history Mumps measles, and pertussis in childhood Scarlet 
fever at 4 years, typhoid at 8 years “Pneumonia” three bmes the last 
at 9 years of age Catamenia had always been irregular and she often 
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skipped periods She had lost from 105 pounds her best weight to 87 
pounds dunng the past 4 > ears 

Physical examination A \er} small colored girl in fair state of 
nutrition Breasts were distended with milk Teeth showed p\orrhea 
but otherwise appeared strong Tonsils enlarged Lungs negatne 
Ribs were painful to pressure Tenderness of sacium bv rectal Right 
hip motion (rotation) limited There w as transmitted tenderness to either 



Fig 1 X-RA.\ or Pelais in Mrs M D, Patient Three 


hip on percussion of opposite hip She held right leg flcNed and eA erted 
Blood pressure Aias 90 sA^stohc and 35 diastolic 

Laboralorx’ findings Unne not remarkable No Bence-Jones pro 
tein Red count 3,600,000 Hemoglobin 60 per cent \T hite count 


6,800 Wassermann negatiA e 
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A ravs (Interpreted b> Dr George Holmes) Chest shelved in 
crease in hilus shadows Plate tahen of the lumbar spine and pelvis 
show^ multiple areas of diminished densit> in the bones of the pelvis 
spine, ribs, and the upper end of the femur These areas are ring 
shaped and probably represent areas of destruction m the bone There 
IS verv little if any evidence of reaction around them All bones are less 
dense than normal SLuIl shows characteristic appearance of osteo- 
malacia " Teeth \ rays showed apical abscesses 
/7iag«o5fs Osteomalacia 

Treatment X rav sterilization and high calcium diet and cod liver oil 
Subsequent history Patient again entered the hospital on June 16, 
1930 for check up The svmptoms related to her skeleton had disap- 
peared Her only complaint w as hot flashes and amenorrhea of 4 months 
duration, both attributable to v rav sterilization Serum calcium was 
13 0 mgm per 100 cc and serum phosphorus 2 4 mgm per 100 cc X- 
rays of the bones at this time showed undoubted improvement although 
tlie previous \ rays were not available for comparison The scattered 
areas of diminished density w ere still apparent m the pelvis (see Figure 1) 
At this time studies here reported were performed 
Final diagnosis Mild hvperparath>Toidi9ra 
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Man)' attempts hate been made to assign to the hypophysis the 
regulation ol the increase in heat production which follows the ingestion 
of a protein meal, just as the thyroid gland appears to regulate the level 
at w hich the basal metabolic rate is set 

Plant (D m 1922 studied the response of groups of individuals to a 
standard meal consisting of 200 grams of chopped meat 50 grams of fat 
200 grams of bread and 500 cc of coffee She found that the maximal 
increase in heat production that resulted from this meal occurred 45 
minutes after its ingestion was maintained through the second hour, and 
was definitely decreasing m the third The increase in heat production 
above the basal value m normal individuals was 24 to 52 per cent In 
what she described as ‘ hypophyseal obesity ’ (2) the response varied 
from — 3 to + IS per cent She stated that a normal basal metabolic 
rate coupled with a lowered specific dynamic response to protein, is 
characteristic of disease of the hypophysis and therefore of great diag 
nostic value Plaut (2) (3) (4) Plant and Schadow (5) and Kestner, 
Plant, and Schadow (6) have reported many determinations m confir 
matioii of this earlier work Similar results ha\e been obtained b\ 
ICnippmg (7) Liebesny (8) fed a sirmlar meal (200 grams meat 100 
grams bread) to a group of normal individuals, 4 dwarfs, 2 acromegalics, 1 
case of hypophyseal tumor 4 cases of infantilism and individuals 
suffering from conditions related to 'disturbances of the autonomic 
nervous system He determined the increase m heat produchon 2 
hours after the ingestion of the test meal and concluded that the speafic 
dynamic response of the normal individual to the above meal is 30 per 
cent above the basal woth a vanation of ± 10 per cent A decrease or 
complete absence, occurred in disturbances of the pituitary' body (hypo 
physeal dwarfs hypophyseal tumor), obesity, especially of hypophyseal 
origin and in conditions related to disturbances of the autonomic nervous 
system (Raynauds disease scleroderma) Further he found that the 
administraPon of a preparaUon of anterior lobe of the hypophysis 
resulted in an increase in the specific dynamic response In a later paper 
(9), he refiorts that diathermy of the hypophysis of individuals suffenng 
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from disturbances of tfie sev glands resulted in an appreaable increa-^e in 
their specific d^namlc response Bernhardt (10) found a low specific 
d\ namic response m conditions other than disturbances of the pitintar\ 
bodv He believes that it is possible that some relationship exists betw een 
the hypophysis and the increase in heat production, following a protein 
meal, but that other endocrine glands may be concerned as well A 
similar position is taken by Gantenberg (11), in a \ery extensne renew 
of the clinical significance of determinations of the specific d^ namic 
response 

The expenments carried out bv Plaut and her associates ha\e been 
criticized w ith regard to the meal fed and the technique used Pollitzer 
and Stolz (12) found that the maximal increase in heat production re- 
sulting from the ingestion of 250 grams of ground meat alone occured in 
the third to fifth hour They further noted that if the heat production 
w^as determined only one to tw'o hours after the ingestion of the meat, 
four-fifths of the subjects they' studied gave negative results They' 
attribute the early increase obserx'ed by' Plaut to the large amount of 
carbohy'drate m the test meal Plaut (4) herself answers these criticisms 
by' asserting that the ingestion of fairly large amounts of carbohydrate 
WTth meat favor rapid empty'ing of the stomach, so that the specific 
dy'namic response is observed more quickly' than w hen meat alone is fed 
Durr (13) makes the same criticism of the work of Plaut, and points out 
that an individual w'lthout any evidence of hypophyseal disease exhibited 
no significant speafic dx-mamic response in three hours, and only 18 per 
cent in fiy'e hours Lublin (14) has questioned the technique used by 
Plaut He feels that she obtained too great y'ariation in the basal 
metabolic rate in normal individuals, and points w ith skepticism to sey eral 
fasting respiratory quotients greater than one He, likewise, feels that a 
single determination of the heat production one to two hours after the 
test meal is not sufficient for generalization From his own work he 
concludes that a low speafic dy'namic response is not diagnostic of 
pituitarx' disease Jaguttis (15) came to the same conclusion Lauter 
(16) in a careful study of obesity, points out that the specific dynamic 
response of normal indix'iduals to protein varies within ^ery' wade limits, 
and that since the normal vanations are so large abnormalities can be 
nnstiilared onh if no increase at all results from the ingestion of protein 
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protein, which was returned to norma! m both cases by the administration 
of an anterior lobe preparation (Pr&phvson) Foster and Smith (18) 
found that rats after the removal of the hypophysis eidubited no specific 
dynamic response to the administration of glycine, and that the resto- 
ration of the normal response occured only if extracts of both antenor and 
posterior lobe were simultaneously injected Contrary results, however, 
were obtained by Gaebler (19), working in Lusk's laboratory, who found 
that dogs, from whom the hypophysis had been removed, responded 
normally to a standard protein meal 

It IS clear that' no agreement exists among mvestigators in regard to 
the relationship between the pitmtary body and the specific dynamic 
action Part of the confusion, no doubt, arises from laxity in the 
selection of matenal Consequently, we have restricted our studies to 
patients m whom physical abnormalities of the hypophysis had been 
certainly demonstrated 

PROCEDURE 

It seemed desirable to eliminate the effect of mgested carbohydrate 
Accordingly the test meal consisted of 300 grains of sirloin steak, freed 
from all extraneous fat, ground and fned in a small amount of butter 
The subject was allowed to dnnk water with the meat In the first 
subject studied 700 grams of meat were fed on tivo different occasions, but 
this amount was too large to be eaten readily The basal metabohc rate 
was determined before the meat was given, and the heat production agam 
measured at the intervals recorded m Table I When a significant 
mcrease in heat production was observed under satisfactory conditions, 
the expenment was discontmued Determinations were earned out by 
means of a Tissot spirometer, and the gas analyses were made with the 
Henderson apparatus 

The sigmficant physical findmgs in each case are recorded in the 
appendix 

RESULTS 

Examination of Table I makes it clear that each of the six subjects 
studied, responded to the mgesbon of 300 grams of meat, with a definite 
in <-rpac e m heat production The maximal responses to the same meal 
varied from 18 to 28 per cent above the basal 

Case number 248006 was studied on October 16, 1930, and a response 
of only 12 per cent was observed, although his heat production was 
followed for five hours after the ingestion of the meat. Opportunity was 
given us, however, to repeat this detemunation This time, in the 
second hour, his heat production was 28 per cent above the basal level 
It IS probable that a true basal value was not obtained in the first expen- 
ment If we recalculate this expenment in terms of the second basal, we 
find an mcrease m heat production of 21 per cent in the first expenment 
29 
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from disturbances of the se\ glands resulted in an appreciable increase in 
their specific d\namic response Bernhardt (10) found a low specific 
d\namic response in conditions other tiian disturbances of the pitiiitar\ 
bod\ He believes that it is possible that some relationship e\ists betw ecu 
the h>pophysis and the increase m heat production, following a protein 
meal, but that other endocrine glands ma> be concerned as well A 
similar position is taken b^ Gantenberg (11), in a ver\ evtensne reiiew 
of the clinical significance of determinations of the specific dxnamic 
response 

The expenments carried out by Plaut and her associates have been 
criticized with regard to the meal fed and the technique used Pollilzer 
and Stolz (12) found that the maximal increase in heat production re- 
sulting from the ingestion of 250 grams of ground meat alone occured in 
the third to fifth hour Thej' further noted that if the heat production 
was determined only one to tw'o hours after the ingestion of the meat, 
four-fifths of the subjects they studied gave negatne results Thej’^ 
attnbute the earlv increase observed by Plaut to the large amount of 
carboh^ drate in the test meal Plaut (4) herself answers these criticisms 
by asserting that the ingestion of fairlv large amounts of carboht drate 
with meat favor rapid emptying of the stomach, so that the specific 
dynamic response is observed more quickly than w hen meat alone is fed 
Durr (13) makes the same criticism of the w’ork of Plaut, and points out 
that an individual without any evidence of hypophyseal disease exhibited 
no significant speafic dynamic response in three hours, and onh 18 per 
cent in five hours Lublin (14) has questioned the technique used by 
Plaut He feels that she obtained too great variation m the basal 
metabolic rate in normal indmduals, and points with skepticism to several 
fasting respirator^' quotients greater than one He, likewise, feels that a 
single determination of the heat production one to tw'o hours after the 
test meal is not sufficient for generalization From his own work he 
concludes that a low speafic dynamic response is not diagnostic of 
pituitarv' disease Jaguttis (15) came to the same conclusion Lauter 
(16) in a careful study of obesity, points out that the specific dvnamic 
response of normal individuals to protein varies wnthin vety wade limits, 
and that since the normal vanations are so large abnormalities can be 
postulated only if no increase at all results from the ingestion of protein 
Therefore, he questions the diagnostic value of such a procedure Gessler, 
Kraus, and Rettig (17) also found considerable variation in a senes of 
normals They behei e that no conclusions can be drawm from a small 
section of the curve, but that the whole course of the reaction must be 
follow ed 

Attempts have been made to solve the question bj' injurv, or remoi'al 
of the hxpophvsis Knipping (7) injured the hypophyses of two dogs by 
the Cushing method, and found a low specific dvnamic response to 
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Recently Dock (30), by excluding from the circulation various 
portions of the bodies of rats, found that at least 85 per cent of the heat 
evolved as the specific dynamic action of protein was liberated in the 
abdominal viBcera He concluded that “the liver is probably the chief 
site and possibly the only site of the intermediary metabolism of those 
ammo acids which raise the metabohc rate, and that at least 80 per cent 
of the speafic dynamic action of these ammo aads is due to the mcreased 
energy liberated by the hepatic cells dunng protem digestion ” 

CONCLUSION 

1 Six individuals with definite abnormahtv of the pitmtary body 
responded to the mgestion of a protein meal, with a large increase m heat 
production 

2 Experiments designed to show the dependence of the specific 
dynamic action of protein upon the secretory activity of the pitmtary 
body are unconvinang In fact, recent mvestigation goes far to demon- 
strate that the two are qmte mdependent 
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in the fourth hour after the protein meal If, ho^^ g.\ er, tins CNpenment 
had not been repeated it would have been necessarj' to conclude that here 
at least was a definitely lowered response to protein It is ei ident tliat 
these SIN indiiiduals, each of whom had some in\ olvement of the pituitarj 
body, exhibited a large response to a protein meal 

DISCUSSION 

The diversity of the results obtained by vanous investigators is not 
surpnsing when the difficulties encountered in this field are fully ap- 
preciated In recent times there has been great enthusiasm displayed in 
attributing disease to endocrine abnormalities However, it still remains 
true that a definite diagnosis of pituitary disease should be based on a 
demonstration of definite physical abnormalities of this organ If the 
clinical matenal thus far presented is examined with such criteria in 
mmd, insuffiaent cases remain on which to base the published conclusions 

Further, in the case of the "normal” human subject, a uniformity of 
results comparable to those reported by Lusk (20) for the dog has not been 
obtained Missal and Johnston (21) found it impossible to secure a 
consistent response to ingested sucrose or glycine in a normal subject 
maintained on a constant diet Further, Benedict and Carpenter (22) 
state, "that while the ingestion of protein in almost any amount in- 
vanably produces em increase over the basal metabolism (which may be 
25 per cent for several hours, and for short penods may rise to 45 per 
cent), no definite mathematical relationship between the amount of 
protein mgested and the increment in the total metabolism can be noted 
from these values ” 

Further, in critically evaluating the literature it is necessary to bear in 
mind that evidence exists that the state of nutrition (11) influences the 
height of the speafic dynamic response, and that Coleman and DuBois 
(23) have shown it to be lowered in fever 

Recent animal expenments suggest that the liver is responsible for the 
increased heat liberated dunng protein metabolism It is not clear 
whether this extra heat production results from a general mcrease in 
oxidative processes throughout the body, stimulated by some inter- 
mediary product of protein metabolism, as Lusk (20) has suggested, or 
whether it results from exothermic reactions involved in the intermediary 
metabohsra of protein, as for example, conversion of ammo aads to 
glucose, as Geelmuyden (24) thinks 

Bollman, Mann, and Magath (25) (26) showed that deaminization of 
the amino aads was prevented by hepatectomy, while Wfilhelraj and 
Mann (27) (28) (29) found that the admimstration of amino aads to 
hepatectomized dogs did not increase the metabolism These authors are 
inclined to interpret their results as e\ndence that not the amino aads, but 
other intermediate products of their metabohsm, are the sPmulators of 
cellular oxidation throughout the body 
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APPENDIX 
CASE RECORDS 

Hospital number — 237024 Date of admission — ^March 18, 1924 
Sex — female 

Htslory Seventeen years before admission the patient underwent a 
subtotal oophorectomy without change m the character of the menses 
Thereafter she considered herself well until four years ago, when she 
began having attacks of unconsaousness without convulsions Severe 
headaches became frequent A pronounced increase in appetite resulted 
in a gam m weight of 85 pounds During the past two years there has 
been an increasmg memory defect, accompamed by definite psychopathic 
tendenaes which caused her to be brought to the Psychopathic Hospital 

Physical examination Essentially negative, except for pronated feet, 
and obesity The neurological examination revealed no physical ab 
normalities Kahn test of the blood was negative 

Ophihalmologtcal examination The visual fields showed a rather 
generalized contraction with an achromotopsia 

X-ray examination X ray eiammation of the skull revealed complete 
destruction of the pitmtary fossa with no evidence of the antenor or 
postenor dmoid processes 

Diagnosis Psychosis with orgamc brain disease, tumor of pitmtary 
gland This patient was given deep x ray therapy with resultant relief 
of headaches and some improvement m visual fields Date of discharge — 
June 17, 1930 

Hospital number — 252427 Date of adrmssion — October 30, 1930 
Sex — male. 

History Patient was brought to the hospital because of attacks of 
abdonunal cramps 2 or 3 times a week, which were relieved by vonutmg 
He also suffered from visual difificulbes, especially upon awakenmg in 
the moriung, when he could not see objects disbnctly He had been 
havmg mild recurnng headaches Patent claimed that his weight 
mcreased from about 100 pounds a year ago to about 165 at admission 

Physical examination Obese, marked acne about upper part of body 
Expression apathetic Left palpebral fissure narrowed Kahn test of 
blood negative 

Ophihalmologtcal examination Cholong of both discs, 2 diopters 
Fields show a definite left temporal defect. 

X-ray examination Relative destruction of the sella turaca. De- 
pression of the floor and rarefaction of the postenor chnoid processes 
with diastasis of the mam sutures, suggestmg severe internal hydro- 
cephalus 

Operation Diagnosis of pitmtary tumor was made and operabon 
performed February 13, 1931, which consisted of osteoplasbc craniotomy 
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History Patient entered the hospital because of blindness of nght 
eye of about one month’s duration, and severe headaches She had had 
seirere headaches over a penod of ten years without other complaints 
until about one year ago Smce then she has had dyspnea, progressive 
weakness and dimness of vision One month ago she suddenly became 
blmd m the nght eye 

Physical examination The physical exaimnation revealed the 
standard signs of chrome nephntis with hypertension 

Ophthalnwlogical examination There was a hemorrhagic retmibs of 
both eyes Fundus examination showed choked disc for both eyes — 4 
diopters Fields could not be obtamed for the nght eye but there was 
marked evidence of optic atrophy of the left with great restnction of the 
visual field on this side Kahn test of the blood was negative 

X-ray examination Detailed studies of the sella turcica demonstrate 
a destruction of the floor of the sella turaca and of portions of both the 
antenor and postenor chnoid processes Operation was advised agamst 
because of the nephntia The patient was given deep x-ray therapy 
Date of discharge March d, 1931 

Diagnosis Chronic nephntia with hypertension Tumor of the 
pituitary gland 

Hospital number — 2S7784 Date of admission — January 31, 1931 

Sex — male. 

History Four years before adimssion patient began to notice 
weakness and fatigueability His physician made a diagnosis of diabetes 
mellitus His symptoms were relieved by diet untfl the past two years, 
when his svmptoms have mcreased so that he could not work, and he 
sought relief at the hospital Dunng the past ten years his wife has 
noticed a marked alteration m his appearance and temperament He has 
changed from an aggressive, mterested husband mto an imtable and 
careless one. He himself has noticed a thickerang of the lower lip and a 
thickerung and widemng of the fingers He has noticed no visual dis 
turbances 

Physical examination Ptosis of left upper eyehd Thick, droopmg 
hp Tongue stnkingly broad and thick. Huge broad hands with thick 
bulbous fingers There was a persistent glycosuna of the diabetic type, 
which was controllable. The glucose tolerance curve was of the diabetic 
type Kahn test of the blood was negative 

Ophthalmological examination The visual fields showed definite nght 
homonymous hemianopsia. 

X-ray examination X-ray studies of the skull showed almost com- 
plete destruction of the postenor chnoidal processes and apparent thinning 
of the floor of the sella turaca X ray exammation of the hands showed 
’ typical changes of aaomegaly 
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\\Tth e\plorator>' puncture into the lateral \entncle that resulted m the 
escape of a large quantity of fluid The sella turaca \\ as exca\ alcd but 
there was no tumor of tlie hypophysis Patient died Februaty 15, 1931 
Pathological diagnoses Suprasellar cystic astrocytoma No direct 
in\ olvement of pitmtaty body 

Diagnosis Tumor of brain (astrocytoma) involving area lying 
between pineal and pitmtaty bodies wmth pressure atrophy of the pituitaty 
bod}’’ 

Hospital number— 248006 Date of admission— August 27, 1930 
Sex — male 

History Six or seven years ago patient began having pain in the 
back of his neck and visual difficulties The condition has changed but 
little since then 

Physical examination Essentially negative except for moderate 
obesity Kahn test of blood was negative 

Opthahnological examination Bitemporal hemianopsia Optic atro- 
phy of both eyes 

X-ray examination X-ray studies of the skull reveal destruction of 
the postenor chnoid processes and marked injury of the anterior with 
thinning of the floor of the sellaturcica 

Diagnosis Pitmtary tumor This patient was given deep \-ray 
therapy with subjective improvement Date of discharge — October 16, 
1930 

Hospital number — 253960 Date of admission — November 24, 1930 

Sex — female 

History A year ago the patient noticed visual disturbances not 
relieved by glasses The vision of the right eye failed rapidly until she 
was blind in that eye A few months ago there was blumng and haziness 
of N’lsion in the left eye She had no other important symptoms 

Physical examination Essentially negative except complete blindness 
of nght eye and irregulanty of both pupils Kahn test of the blood was 
negative 

Ophthalmological examination Marked optic atrophy on nght and 
beginning optic atrophy on left No hemorrhages 

X-ray examination X-ray of the skull showed normal antenor 
clinoid processes vnth destruction of the postenor and thinning of the 
floor of the sella turaca 

Operation On December 30, 1930 a large pituitary tumor was 
removed The patient died January 3, 1931 

Pathological report Chromophobe adenoma which replaced a large 
part of the antenor lobe of the pituitary gland 
Diagnosis Tumor of the pituitary gland 

Hospital number— 254363 Date of admission— December 2, 1930 
Sex — female 
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History Patient entered the hospital because of blindness of right 
eye of about one month’s duration, and severe headaches She had had 
severe headaches over a penod of ten years without other complaints 
until about one year ago Since then she has had dyspnea, progressive 
weakness and dimness of vision One month ago she suddenly became 
blind in the nght eye 

Phyitcal examination The physical exammation revealed the 
standard signs of chrome nephntis with hypertension 

Ophthalmological examination There was a hemorrhagic retimtis of 
both eves Fundus examination showed choked disc for both eyes — i 
diopters Fields could not be obtamed for the nght eye but there was 
marked evidence of optic atrophy of the left with great restnction of the 
visual field on this side ICahn test of the blood was negative 

X ray examination Detailed studies of the sella turcica demonstrate 
a destruction of the floor of the sella turaca and of portions of both the 
antenor and postenor clinoid processes Operation ivas advised against 
because of the nephntis The patient was given deep x-ray therapy 
Date of discharge March 6, 1931 

Diagnosis Chrome nephntis with hypertension Tumor of the 
pitmtary gland 


Hospital number — 2S7784 Date of adnussion — ^January 31, 1931 

Sex — male 

History Four years before admission patient began to nobce 
weakness and fatigueabihty His physiaan made a diagnosis of diabetes 
raelhtus His symptoms were relieved by diet until the past two years, 
when his symptoms have mcreased so that he could not work, and he 
sought relief at the hospital During the past ten years his wife has 
noticed a marked alteration m his appearance and temperament He has 
changed from an aggressive, interested husband into an imtable and 
careless one He himself has noticed a thickening of the lower hp and a 
thickemng and widening of the fingers He has noticed no visual dis 
turbances 

Physical examination Ptosis of left upper eyehd Thick, drooping 
hp Tongue strikingly broad and thick. Huge broad hands with thick 
bulbous fingers There was a persistent glycosuria of the diabetic n-pe, 
which was controllable. The glucose tolerance curve was of the diabetic 
type. Kahn test of the blood was negative. 

Ophthdlmological examination The visual fields shon-ed definite rign 
homonymous hemianopsia com- 

X-ray examination X-ray studies of the skull showed 
plete destruction of the postenor chnoidal processes 
of the floor of the sella turcica X ray examination p - 
the typical changes of acromegaly , " ’ 
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Operation A pituitary tumor was removed March 26, 1931 The 
patient died the followang day 

Pathological report Adenoma of the pituitary gland 
Diagnosis Acromegaly, diabetes melhtus and tumor of the pituitary 
gland. 



STIMULATION OF GASTRIC PEPSIN BY HISTAMINE 


By W SCOTT POLLAND 

{From ihe Department of Mediane, Stanford Umvernty School of Medictne, San Francesco) 
(Received for publication December 2, 1931) 

In studying gastnc secretion, as many data as possible should be 
obtained Although the determination of the enzyme secretory pern er of 
the stomach is not as important as the determination of the aad secretory 
power, it has been pomted out by Polland and Bloomfield (1) that m 
certain cases the measurement of pepsin output may be a more dehcate 
index of gastnc damage than the measurement of aad values Since the 
histamine test meal has come into use, it has been generally assumed that 
the enzyme secretion of the gastnc juice is stimulated by histamine 
However, recent observations by Gilman and Cowgill (2), and mde- 
pendently by Babkm (3) on pepsm accretion after histamme stimulation 
indicate that histamine does not stimulate pepsin secretion Using dogs 
with Pavlov or Heidenhain pouches, it was found that with the wereas^ 
volume of secretion m response to histamine there was a relative decrease 
m pepsm concentration, with the result that the total output of pepsin 
reraamed constant They also noted that after the first sbmulation by 
histamine, the increase in volume of juice was proportionately greater 
than the decrease m concentration of pepsm, with the result that the 
total amount of pepsm secreted per umt of time was substantially in- 
creased This effect was interpreted as due to a mechamcal washmg out 
of pepsin from the luinina of the glands by the sudden secretion of 
gastnc juice 

Polland and Bloomfield (1) desenbed the curves of pepsm concen- 
tration and of total pepsm output before and after stimulation by 
histamme m normal human subjects, and m people with vanous gastnc 
lesions It was observed that after histamine stimulation the concen- 
tration of pepsm falls markedly, but the total output was usually m- 
creased It was durmg the course of these studies that an occasional 
observation was made on pepsm secretion after repeated histamine 
stimulation The results mdicated that after each histamme stimulation 
the pejism secrebon was mcreased It was thought that more careful 
observabons were warranted, and the followmg studies ivere made. 

MATERIAL AND METHODS 

Four male pabents were studied Three presented no evidence of 
orgamc disease of the stomach , one was a case of duodenal ulcer Table 1 
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shows their age, clinical diagnosis and highest aad and volume response to 
histamine Case 1 had high aads and high volumes, case 2 had high 
aads and normal volumes, case 3 had normal acids and high \ olumes, and 
case 4 had low' aads and low' volumes This gives a w ide range of types of 
gastnc secretion as seen in human subjects 

TABLE I 


Data concerning cases studied 



! 


Maximum 

Maximum I 

Maximum 

Name 

Ase 

Dlaenosls 

10 minute \olume 

free I 

total 


of secretion 

HCI 

add 

nn 



cc 

cc NHO 

cc NIW 



per 100 cc 

per too cc 


68 

Duodenal ulcer 

36 

140 

144 


41 

Psychoneurosis 

26 

136 

142 


46 

Indigestion ! 

39 

102 

112 

91 

49 

Imtable colon 

85 

45 

68 


All subjects were in bed in the hospital and had fasted for twenty-four 
hours A mercury-w'aghted tube was inserted into the stomach and the 
fasting contents withdrawn! The total secretion over ten-minute periods 
after an injection of histamine (0 1 mgm per 10 kilos body weight) w as 
then collected exactly as previously outlined (4) After the volumes had 
returned to the fasting level, a second and later a third injection of the 
same dose of histamine w'as given Volume, titratable acidity and 
pepsin were measured m all Titratable acidity was deterimned with 
dimethyl and phenolphthalem and pepsin by the method of Polland and 
Bloomfield (5) Pepsin is expressed in milligrams of edestin digested by 
one cubic centimeter of gastnc juice in 30 minutes at 37 6 degrees 
centigrade 

Although the gastnc juice was obtained by stomach tube, quantitative 
technique under these conditions can be simply obtained if certain 
precautions are followed First, a cooperative patient, preferably of a 
phlegmatic temperament must be selected, second, the patient is urged 
not to sw'allow' saliva and this point is emphasized throughout the test, 
and third, continuous aspiration must be maintained Under these 
conditions a watery dear flmd containing a minimum of mucus is ob- 
tamed Duodenal regurgitation rarely occurs, and if bile appears the test 
is alw ays discarded This procedure has the distinct advantage that the 
secretion from the whole stomach is obtained, as contrasted to the partial 
secretion obtained by pouch methods in dogs F urthermore, the volume 
of seaetion is large and slight errors in technique are not appreaable 

Table 2 is a complete protocol of Case 2 to illustrate the procedure 
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TABLE 2 


Compute protocol of a typical experiment (Case 2) 


Num 1 
b<r 
of 

iped 

men 

1 

Time 

n 

1 

Amount 

Chanicter 

Add titratabie 

Peptin 

Free 

Total 

Edettln 
dsested 
by 1 cc. 
01 juice 

Toul edestln 
dlccfted per 
10 minute 
period 

1 

l-OO 

cc. 

113 

Fasting contents Water 
clear small amount mucus 

cc 

NJJO, 

I'r.i 

28 

cc. 

N)10 

niotc. 

48 

mtfn. 

2505 

mpn 

28 80S 




Histamine 0 6 mgm 

1 




2 

1 10 

19J 

Water dear 

56 

74 

2505 

48 848 

3 

IJO 

24 5 

Water dear 

120 

126 

2250 

55 125 

4 

1 JO 

24 5 

Water clear 

126 

143 

1509 

36 971 

5 

1 40 

23 5 

Water dear 

130 

136 

1640 

38 540 

6 

IJO 

19 0 

Water dear 

' 136 

142 

1411 

26 809 

7 

2-00 

13 0 

1 Water dear 

118 

126 

1411 

18,343 




1 Hiatamme 0 6 


1 

1 



8 

2 10 

17 0 

Water dear 

122 

128 

1480 

25 160 

9 

2 20 

27 0 

Water dear 

130 

136 

1334 

36 018 

10 

2J0 

25 0 

Water dear 

130 

136 

1200 

30 000 

11 

2 40 

25 0 

Water clear 

126 

132 

1480 

37,000 

12 

2J0 

17 0 

Water dear 

130 

136 

1334 

22 678 

13 

3-00 

90 

Water dear 

128 

134 

1270 

11430 




Histamme 0 6 





14 

3 10 

16 0 

Water dear 

122 

130 

1553 

24 848 

15 

3J0 

25 0 

1 Water dear 

132 

138 

1480 

37 000 

16 

330 

26 0 

i Water dear 

126 

132 

1334 

34 684 

17 

3 40 

16 0 

Water dear 

112 

118 

1270 

20 320 

18 

3 50 

12 5 

Water dear 

130 

136 

1005 

12,563 

19 

4'00 

6J 

Water dear 

124 

132 

899 

5 844 


liESULTS 

Volume and aadtiy As has been reported from all previous histamine 
studies, the volume and aadity rapidly mcrease, reaching the maximum 
in 20-30 rrunutes after injection The volumes then dimimsh, while 
acidity, on the other hand, reaches a level which is mamtained throughout 
the test. The most stnkmg feature of the aad and volume responses was 
the constancy of their resjJonse to repeated doses of the same amount 
of histamme in a given mdividual This is well illustrated in Table 2, the 
maximum volumes bemg 24 5 ca, 27 cc., and 26 cc , the maximum total 
acidities bemg 142, 136 and 138 This is strong evidence as to the 
reliability of ^e technique 
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shows their age, clinical diagnosis and highest aad and volume response to 
histamine Case 1 had high acids and high \olumes, case 2 had high 
aads and normal volumes, case 3 had normal aads and high ^ olumes, and 
case 4 had low aads and low^ volumes This gi\ es a wide range of types of 
gastnc seaetion as seen in human subjects 

TiVBLE 1 


Data concerning cases studied 


Name 

Age 

Diagnosis 

Masimnm 
10-m!nntc volume 
of secretion 

Maximum 

free 

HCl 

Maximum 

total 

add 

■ 

^ears 

6S 

Duodenal ulcer 

cc 

36 

cc NIIO 
per 100 cc 

140 

cc NItO 
per 100 cc 

144 


41 

Psychoneurosis 

26 

136 

142 


46 

Indigestion 

39 

102 

112 

m 

49 

Imtable colon 

85 

45 

68 


All subjects were in bed in the hospital and had fasted for twenty-four 
hours A mercury-weighted tube was inserted into the stomach and the 
fasting contents wnthdrawm The total secretion over ten-minute periods 
after an injection of histamine (0 1 mgm per 10 kilos body weight) w^as 
then collected exactly as previously outlined (4) After the volumes had 
returned to the fasting level, a second and later a third injection of the 
same dose of histamine was given Volume, titratable aadity and 
pepsin were measured in all Titratable acidity was determined with 
dimethyl and phenolphthalein and pepsin by the method of Polland and 
Bloomfield (5) Pepsin is expressed in nulligrams of edestin digested by 
one cubic centimeter of gastnc juice in 30 minutes at 37 6 degrees 
centigrade 

Although the gastnc jmce was obtained by stomach tube, quantitative 
technique under these conditions can be simply obtained if certain 
precautions are followed First, a cooperative patient, preferably of a 
phlegmatic temperament must be selected, second, the patient is urged 
not to swiallow saliva and this point is emphasized throughout the test, 
and third, contmuous aspiration must be maintained Under these 
conditions a watery dear flmd containing a imnimum of mucus is ob- 
tcuned Duodenal regurgitation rarely occurs, and if bile appears the test 
IS alw^ays discarded This procedure has the distinct advantage that the 
secretion from the whole stomach is obtained, as contrasted to the partial 
secretion obtained by pouch methods in dogs Furthermore, the volume 
of secretion is large and shght errors in technique are not appreaable 

Table 2 is a complete protocol of Case 2 to illustrate the procedure 
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CBAKT 3 ClTEVES OF COKCENTBATION, AKD ToTAI. OoTPUT OF PSPStN 
FROM Case 3 at Ten Minute Intkevam after Repeated Doses of His 

TAUINE 



Chart 4 Curves of Concentration, and Total Output of Pepsin 
FROM Case 4 at Ten Minute Intervals after Repeated Doses of His 

TAUINE 
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Chart 1 Curves of Concentration, and Total Output of Pepsin 
FROM Case 1 at Ten-Minute Intervals after Repeated Doses of His- 
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Chart 2 Curves of Concentration, an*d Total Output of Pepsin 
FROM Case 2 at Ten-Minute Intervals after Repeated Doses of His- 
tamine 



W SCOTT POIXAKD 453 



Chart 3 Curves of Concentration, and Total Output of Pefsin 
FRO u Case 3 at Ten Minute Intervals after Repeated Doses of His- 
tamine 



Chart 4 Curves of Concentration, and Total Output of Pepsin 
from Cass 4 at Ten Minute Intervals after Repeated Doses of His 
TAMINE 
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Pepsin Charts 1, 2, 3 and 4 show the cuiwes of pepsin concentration 
and of total output of pepsin per ten-minute period after repeated 
stimulation m the four cases studied The total output after the initial 
dose is stnking, and is much higher than the subsequent responses 
Howexer, after each stimulus there is a definite rise in the total output 
amounting to approximately 100 per cent, and the magnitude of this rise is 
practically identical after the second and third injections of histamine 
The concentration of pepsin is veiy^ variable, and is apparently inde- 
pendent of volume or aad secretion However, in all cases there is a 
constant fall in the concentration of pepsin during the height of secretion 
after tlie first stimulus 


DISCUSSION 

Contrary to the experience of Gilman and Cowgill, and of Babkin, the 
results indicate that histamine has a definite stimulating effect upon 
pepsin The character of the curve and the similarity of the response 
after the second and third injection of histarmne can only be interpreted 
satisfactorily by assuming that histamine stimulates the peptic cells 
The effect after the first stimulus is probably best explained by a me- 
chanical lavaging of pepsin which has accumulated m the furrows and 
tubules of the gastnc mucosa, as has been pointed out by Gilman and 
Cow gill, and by Babkin, plus an actual stimulating effect by the histamine 
Therefore, it appears that m studying gastnc secretion m human subjects, 
histamine is suitable for deterrmmng the capabilities of the pepsm- 
secretmg glands, as well as the acid-secretmg glands Although the tw’o 
processes are independent, they are influenced by the same stimulus 

SUMMARY 

Evidence is presented to show that m human subjects, histamine 
stimulates secretion of gastnc pepsin 

BIBLIOGRAPHY 
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CHEMICAL STUDIES OF THE BLOOD IN HIGH INTESTINAL 
OBSTRUCTION » 

I The Distribution of Phosphorus and Intracellular Changes 

By GEORGE MARTIN GUEST and WILLIAM DeWITT ANDRUS 

{From the ChOdrm's Sozpttal Research Poundattm and Pie Department! oj Pedsatna 
and of Surcery, CoUete of Medicine Vnaertity of Cincinnati, Cincinnati) 

(Received for publication October 22, 1931) 

This paper presents an investigation of the effects of expemnental 
high intestinal obstruction in dogs, with particular emphasis on changes 
observable in the distnbution of phosphorus m the blood The experi- 
ments were undertaken as a part of a senes of studies of phosphorus 
distnbubon in the blood of man and expenmental ammals m a vanety of 
pathologic conditions In dogs, marked changes of the distnbubon of 
phosphorus were observed following pylonc and mid-duodenal obstruc- 
bon, an attempt is here made to correlate these changes with the vana 
bons in the blood elecbolytes commonly observed m intesbnal obstruc- 
bon 

That expenmental high intesbnal obstrucbon bnngs about or is 
accompanied by marked changes in the blood has been demonsbated in 
many invesbgabve studies of this problem reported dunng the past few 
years The more important of these changes are (1) Concentrabon of 
the blood mdicated by an increased relabve cell volume, cell count and 
serum protem content (2) Increased nonprotein nitrogen, mostly urea 
(3) Low chlonde, generally conceded to be due to losses of Cl by secrebon 
into the stomach or the obstructed gut, whence it is vomited or fails to be 
reabsorbed (4) High COj content, increased in compensabon for the 
loss of chlonde except when there is an accumulabon of acids (such as 
lacbc), or when there is great loss of base as well as chlonde in the vomi- 
tus It was first pointed out by Gamble and Ross (1925) that the reduc 
bon of the lomc content of the body fluids by the losses of electrolytes 
(base as well as chlonde) is the significant factor in the rapid general 
dehydrabon of the body that follows pylonc obstrucbon 

Reviews of the many invesbgabons of intesbnal obstrucbon may be 
found in the arbcles by Ellis (1922), Gatch, Trusler and Ayers (1927), 
(hooper (1928), McVicar and Weir (1929) and in three papers of a sym 

‘ Presented at a meebng of the Central Soaety for Clinical Research, 
Chicago, November 21, 1930 
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Pcp'^'h Charts 1,2,3 and 4 show the curv cs of pepsin concentration 
and of total output of pepsin per ten-mmute penod after repeated 
stimulation in the four cases studied The total output after the initial 
dose IS stnking, and is much higher than the subsequent responses 
Howexer, after each stimulus there is a definUe rise m the total output 
aiho iiitni" to approMivatcly 100 per cent, and the magnitude of this nse is 
practicallv identical after the second and third injections of histamine 
The concentration of pepsin is ver> \anable, and is apparently inde- 
pendent of \olume or aad secretion However, m all cases tliere is a 
constant fall in the concentration of pepsin during the height of secretion 
after the first stimulus 


DISCUSSION 

Contraiy to the expenence of Gilman and Cow gill, and of Babkin, the 
results indicate that histamine has a definite stimulating effect upon 
pepsin The character of the curve and the similarity of the response 
after the second and third injection of histamine can only be interpreted 
satisfactorily by assuming that histamine stimulates the peptic cells 
The effect after the first stimulus is probably best explained by a me- 
chanical lavaging of pepsin w'hich has accumulated in the furrowrs and 
tubules of the gastric mucosa, as has been pointed out by Gilman and 
Cow gill, and by Babkin, plus an actual stimulating effect by the histamine 
Therefore, it appears that in studying gastnc secretion in human subjects, 
histamine is suitable for determining the capabilities of the pepsin- 
secreting glands, as well as the acid-secreting glands Although tlie txvo 
processes are independent, they are influenced by the same stimulus 

SUMMARY 

Exndence is presented to show' that in human subjects, histamine 
stimulates secretion of gastnc pepsm 
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blood and plasma ObjecUona may be offered to either method Long 
centrifuging is necessary to pack the cells completely (usually more than 30 
minutes at 3500 rotations per minute) and even with the greatest care it is 
difficult to be sure that all the serum has been squeezed from between the cells 
Accurate measurement of samples of the packed cells by pipette is difficult. 
During long centrifuging chemical changes may occur coinadent with glycolysis 
— lactic aad formation, hydrolysis of organic phosphorus compounds, etc , — 
which may lead to errors in some of the determinaUons Hydrolysis of the 
phosphonc esters is considerably accelerated in blood samples from ammals 
suffenng such types of "intoiucation ' as those dealt with here, it is, therefore, 
necessary to make the determinations of the orgamc phosphorus fractions as 
quickly as possible after the blood is drawn Against the indirect method of 
determining the cell constituents has been the lack of an accurate method for 
measurement of the relative volume of cells in the blood, but the accuracy of 
this measurement is considerably increased by the method used in this study 
In control studies the indirect method gave closer checks in duplicate determina 
tions of the cell contents than did the direct method The values for the cells 
have been calculated by means of the formula 

mM >= - (tuM X Volumes per centp,.„.) 

Volumes per center 

The numencal expression of the values for the cell constituents presents a 
problem somewhat different from that dealt with in the expression of similar 
values for the constituents of plasms or serum When these chemical values 
are expressed in terms of units per volume (mgm per 100 cc or mM per 
liter) such expressions may lead to confusion if changes in size of the cells 
reduce or increase considerably the number of cells which can be packed by 
centrifuging into a given volume. Mere shift of water due to osmotic changes 
in either cells or plasma may considerably change the figure for a given cell 
constituent in terms of units per volume, although the actual amount of that 
substance in the individual cell or its value in the whole blood remains un 
changed A shrinkage of the relative cell volume from 45 per cent to 42 
per cent, without change in the number of cells per c.mm , will change the figure 
for hemoglobin in the packed cells from 35 5 grams per cent to 38 1 grams per 
cent — granted, of course, that in the meantime the hemoglobin is not actudly 
altered 

These considerations have led to the use of two rabos which give a measure 
of absolute changes (or constancy in some cases) within the cells which are 
independent of volume, size of cell, water loss and the hke. The ratio, grams 
of hemoglobm in the whole blood divided by the red cell count in mdhons per 
c mm , IS designated “Hb RBC count ratio ’ and represents the hemoglobin 
in grams X 10^ per million red blood celU. The ratio, mgm of organic aad 
soluble P in the whole blood divided by the red cell count, is designated 
’‘Ester P RBC count ratio” and represents this phosphorus fraction in 
milhgrams X 10^ per mllhon red blood cells. 

Hepann was used as the anticoagulant for determining the relative cell 
volume, while potassium oxalate was used in the blood taken for chenucal 
measurements Oxalate causes some shnnkage of the cells, but it was here 
employed for the reasons that follow Hepann contains some P and is, there- 
fore, unsmtable for the P distnbution determinations Since a large number 
of analyses were done on each blood sample, economy of blood was necessary 
The yield of serum from blood simply allowed to clot was so small in the con 
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posjum on the subject b\ Foster (1928), Orr and Haden (1928), and 
Mcl\er and Gamble (1928) 

In the present study most attention is directed to the organic acid- 
soluble phosphorus of the blood, designated by Kay and B>Tom (1927) 
“Ester-P ” The nature of the compounds determined m this fraction 
IS not w ell knowm, but they are generally believed to be mainly hexose- and 
glycerophosphonc and esters (Goodwin and Robison (1924)) In a 
rcNdew of the literature on the distnbution of phosphorus in the blood, 
Peters and Van Slyke (1931) have discussed the nature of the phosphonc 
acid esters and, pertinent to the problems to be discussed here, the r61e 
these compounds may play as non-diffusible anions in the cells They 
state that part of the alkali in the cells is certainly neutralized by the 
organic compounds of phosphonc aad, and that there are approximately 
30 mM of organic phosphate present in the erythrocj’tes, also, that the 
available data indicate that the known phosphonc acid compounds of 
the cells bind about one equivalent of alkali per mol of phosphonc acid 
Although the organic phosphorus compounds of the cells are known to be 
considerably altered (decreased as well as increased) in several different 
pathologic conditions, the significance of such changes for the acid-base 
equilibnum of the blood has not apparently been investigated to any 
considerable extent 

Many complete determinations of the electrolytes in the blood plasma 
or serum of man and expenmental animals in normal and in various path- 
ologic states have been reported, but few figures are available from which 
one may \’isualize the chemical structure of the cells in a manner at all 
comparable to that of the plasma In the previous chemical studies of 
the blood in intestinal obstruction, attention has been directed almost 
exclusively to changes observed in the plasma, but Haden and Orr (1926) 
and Wdiite and Bndge (1927) demonstrated losses of chlonde from van- 
ous body tissues comparable to the losses of chlonde from the blood 
Hastings, Murray and Murray (1921) reported the results of three ex- 
penments in which they determined the Na, K, Mg, Cl and P m both 
serum and cells of the blood of dogs before and after pylonc obstruction 
In those experiments they found losses of chlonde from the blood cells 
parallel to the losses from the serum, and also slight increases of organic 
as well as inorganic phosphorus in both serum and cells Except for the 
latter study, it appears that only the inorganic phosphates of the serum 
ha\ e been considered in relation to the acid-base eqmlibnum of the blood 
in intestinal obstruction 

DISCUSSION' OF THE METHODS OF STUDY 

In attempting to determine the chemical constituents of the blood cells 
there is a choice of direct analysis of the centnfuged cells or indirect calculation 
from measurements of the relati\ e i olume of the cells and analyses of the whole 
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nonprotetn ntlrogen The preapitation method of Fohn (1930) was used for 
obtaining the filtrates without hemolysis of cells Nonprotein mtrogen was 
determined by the method of Fohn Wu (1919), sugar by the method of Folm 
Wu, as revised by Fohn (1929) CUonde was determined by an unpubhshed 
method of Fiske, descnbed briefly by Fiske and Sokhey (1925) COi content 
was determined by the method of Van Slyke and Neill (1924), using the factors 
of Van Slyke and Sendroy (1927) Phosphorus The method of Fiske and 
Subbarow (1925) was used for the determination of the inorgamc, total aad 
soluble and total P For Upin P, the extracbon method of Bloor (1918) was 
used, the P content of an ahquot of the alcohol-ether extract being determined 
after aad digesbon by the Fiake Subbarow method 

EXPERIMENTAL 

Mongrel dogs of a variety of breeds were used Blood samples 
were taken m most mstances one or two days before operation, but m 
a few cases only an hour or so before The obstrucbons were made 
m the mid-duodenum, just below the pancreatic and bile ducts, or at 
the pylorus The duodenum or pylorus was divided and both stumps 
mverted with a double Ime of sutures Beginmng 12 to 24 hours after 
operation, in most cases the dogs were allowed water ad libitum to 
mciease the vomitmg Without treatment they lived from 40 hours 
to five days, the majority dying at from SO to 72 hours after operation 
Dogs with mid-duodenal obstruction seemed to suffer a less rapid fall 
of the blood chlondes than those with pylonc obstruction, but other- 
wise there seemed to be little difference m the effects of the two oper 
ative procedures Given salt solution parenterally, the obstructed 
dogs lived 12 to 20 days and appeared to be in good condibon when 
they were sacnficed — except three that developed signs of distemper 
and were sacrificed early Control experiments included the adminis 
trabon of glucose solubon parenterally to dogs with pylonc obstrucbon 
(see Figure 4), and simple depnvabon of food and water m dogs without 
operabon (see Table 4 and Figure 5) The expenments selected for 
presentabon here are typical and have all been repeated, some of them 
many times 

Phosphorus dsslrshutson sn the blood of normal dogs {Table 1) 

In Table 1 are given the averages of the values for the distnbubon 
of phosphorus determined m the blood of 30 apparently normal dogs 
The actual detemunabons are of the fracbons designated (1) inorgamc, 
(2) total aad soluble, (4) total, and (6) alcohol-ether soluble. The 
values for (3) organic aad soluble ‘ Ester P,” (5) aad msoluble and 
(7) non hpm, aad insoluble ' Residual P," are respecbvely obtained 
by the differences 2-1, 4-2, and 5-6 The negabve value of the (7) 
"Residual P' m the plasma is obtained so frequently that it may be 
suspected that the alcohol-ether extracbon actually mcludes some 
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ccntratcd blood samples taken late in the penod of intoxication that the 
amounts of blood required to furnish suftiaent serum thus were almost pro- 
hibmxe Dcfibnnation usually caused some escape of cster-P from the cells, 
this was espcaallj true when dealing with the pathologic blood samples The 
xalues determined in the whole blood are, of course, unaffected b> the anti- 
coagulant and the error in the \alue calculated for the cells should be less than 
that suspected in the plasma Since the P distnbuUon and the intracellular 
changes were the pnnapal objects of this study, the use of oxalate seemed to 
be justified 

METHODS 

The dog’s blood was taken usually from the femoral artery (sometimes 
from the left ventncle when the animal w'as in extremis) into a 50 or 100 cc 
glass synnge containing paraffin oil The blood was at once distnbuted to 
separate tubes, and treated as indicated below' The amounts of blood x aned 
according to the needs of the number of analyses to be done, but the proportion 
of added anticoagulants w'as kept constant 

For the relatixe cell \olume, cell counts and hemoglobin, 1 mgm hepann 
to 2 cc of blood 

For the w'hole blood CO-, plasma CO; and plasma Cl, blood w'as delivered 
into a centrifuge tube containing dry potassium oxalate under oil (25 mgm to 
10 cc of blood) 1 0 cc of whole blood for the CO; determination was removed 
immediately by means of a speaal pipette desenbed elsewhere (Guest (1931)), 
and after removal of the excess of oil the blood was centnfuged under solid 
paraffin to obtain plasma for the CO; and Cl determinations 

For the phosphorus partition in whole blood and plasma, the whole blood 
Cl, sugar and nonprotein nitrogen, 25 to 30 cc of blood were added to 60 mgm 
of potassium oxalate 

Relative cell volume was determined by a capillary tube method which will 
be desenbed in detail later (Guest and Siler (unpublished)) After centnfuga- 
tion of the blood at high speed, about 18,000 rotations per minute for 4 minutes, 
in small capillar^' tubes, the lengths of the columns of cells and plasma were 
read by means of a measunng microscope, from the base of the blood column to 
the top of the red cells, to the top of the white cells and to the top of the column 
of plasma The relative volumes of cells designated "Total” and "RBC 
only” w'ere calculated from these measurements Red cell counts were made 
using 0 1 cc of heparinized blood diluted in a 50 cc volumetnc flask filled with 
Hayem’s solution After shaking wnth glass beads, a drop was transferred 
from the depths of the flask to a counting chamber and the count made as 
usual Counts were made in duplicate and usually agreed within less than 
100,000/c.mm , closer checks being obtained by this method than by the use 
of the small hemocytometer pipette Erythrocyte size The red blood cell 
v'olume in 1 c mm of blood, divided by the red blood cell count, in millions per 
c mm , gives the average erythrocjte size in terms of cubic microns Hemo- 
globin was determined by the CO capacity method of Van Slyke and Hiller 
(1928), using 0 2 cc of blood The figures for the CO capaaty in terms of 
volumes per cent were divided by the factor 1 34 to convert them to grams 
per cent of hemoglobin The hemoglobin is expressed in three ways in the 
tables (1) grams per 100 cc of vvhole blood, (2) grams per 100 cc. of red cells, 
(3) “Hb RBC count raUo” as desenbed in the discussion of methods 
Serum protein was determined by the Abbe refractometer, using the formula of 
Reiss (1903) In the blood samples late in the penod of intoxicauon it is 
doubtful w hether these v alues are of more than comparativ e v alue Sugar and 
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nonprolnn mtrogen The preapitaDon method of Fohn (1930) was used for 
obtaimng the filtrates without hemolysis of cells Nonprotein nitrogen was 
determined by the method of Fohn Wu (1919) , sugar by the method of Fohn- 
Wu, as revised by Fohn (1929) CHondt was determined by an unpublished 
method of Fishe, described briefly by Fiske and Sokhey (1925) COt content 
was determined by the method of Van Slyke and Neill (1924)i using the factors 
of Van Slyke and Sendroy (1927) Phosphorus The method of Fiske and 
Subbarow (1925) was used for the determination of the Inorgamc, total acid 
soluble and total P For lipin P, the extracbon method of Bloor (1918) was 
used, the P content of an aliquot of the alcohol-ether extract being determined 
after aad digesbon by the Fiske Subbarow method 


EXPERIMENTAL 

Mongrel dogs of a variety of breeds were used Blood samples 
were taken m most instances one or two days before operation, but in 
a few cases only an hour or so before The obstructions were made 
in the mid-duodenum, just below the pancreatic and bile ducts, or at 
the pylorus The duodenum or pylorus was divided and both stumps 
mverted with a double line of sutures Beginning 12 to 24 hours after 
operation, in most cases the dogs were allowed water ad libitum to 
increase the vomiting Without treatment they lived from 40 hours 
to five days, the majonty dying at from SO to 72 hours after operation 
Dogs with mid-duodenal obstruction seemed to suffer a less rapid fall 
of the blood chlorides than those with pylonc obstruction, but other- 
wise there seemed to be little difference m the effects of the two oper- 
ative procedures Given salt solution parenterally, the obstructed 
dogs lived 12 to 20 days and appeared to be m good condition when 
they were sacrificed — except three that develojied signs of distemper 
and were sacnficed early Control experiments included the adrmnis 
trabon of glucose soluUon parenterally to dogs with pylonc obstruction 
(see Figure 4), and sunpte depnvation of food and water m dogs without 
operabon (see Table 4 and Figure 5) The expenments selected for 
presentabon here are typical and have all been repeated, some of them 
many times 


Phosphorus dtslnbuttcn in the bhod of normal dogs {Table 1) 

In Table 1 are given the averages of the values for the distnbution 
of phosphorus determined m the blood of 30 apparently normal dogs 
The actual determinabons are of the fracbons designated (1) moi^nic, 
(2) total aad soluble, (4) total, and (6) alcohol-ether soluble The 
Wues for (3) or^ic aad soluble "Ester P,” (5) aad insoluble and 
"Mual P." are respecbvely obtained 
2-1, 4-2, and S-d The negabve value of the (7) 

BiSS Lt^’t^' '! Tf ^ frequently that it may be 

uspected that the alcohol-ether extracbon actually includes some 
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TABLE 1 

The dtsinhutton of phosphonts in dog’s blood Averages of the values 
determined in 30 normal dogs 



Whole 

blcxxl 

Plasma 

Cells 

Rclatne cell \olume, total 

volumes per cent 

49 5* 



RBC only 

volumes per cent 

48 4 



RBC 

millions per c mm 

7 325 



Erythrocyte size 


cu mu 

66 0 




Phosphorus distribution 





1 

Inorganic NaHiPOi, 







NajHPOi 

mgm 

per 100 cc 

2 85 

3 52 

2 16 

2 

Total aad-soluble 

mgm 

per 100 cc 

28 23 

3 77 

53 2 

(2-1) =3 

Organic aad-soluble “ Ester- 






Phosphorus” 

mgm 

per 100 cc 

25 38 

0 25 

51 0 

4 

Total 

mgm 

per 100 cc 

43 40 

15 68 

71 7 

(4-2) =5 

Aad-insoluble 

mgm 

per 100 cc 

15 IV 

11 91 

18 5 

6 

Alcohol-ether soluble 

lipin. 

j 

1 




phosphatides 

mgm 

per 100 cc 

14 16t 

12 2 

16 7 

(5-6) =7 

Non-lipin, aad-insoluble re- 






sidual undetermined 

mgm 

per 100 cc 

1 0 

-0 3 

1 8 

Ester-P 

RBC count ratio 



3 'Id 




* In a larger senes of 52 dogs the average relative cell volume is lower, 46 4 
per cent, but the average er>'throcyte size is 66 1 cu microns 
t Lipin phosphorus was determined in only 17 of these bloods 


phosphorus of non-lipm nature that is also extracted m the tnchloracetic 
acid The differences are so slight, however, that this error is negligible 
and for practical purposes the "Lipm” and “ Acid-insoluble” fractions 
in the plasma may be considered identical The larger value (7) in the 
whole blood is due perhaps mostly to nucleic aad in the leucocytes 

Mid-duodenal obstruclton Dog number IZl {Table 2) 

In this table are shown the pnnapal typical changes observable in 
the blood of a dog wnth expenmental high intestinal obstruction In- 
creased concentration of the blood is indicated by the increased serum 
protein, cell volume and cell count In this animal there was little 
change in the er^dJirocyte size, although m similar experiments there 
IS usually observed a slight shnnkage The nonprotein nitrogen was 
markedly increased The plasma Cl fell and CO 2 content of the plasma 
rose The total P of both plasma and cells increased markedly QuanU- 
tatively, the greatest increase of the individual fractions of the total 
P v'as in the organic acid-soluble "Ester-P” of the cells To make 
this immediately clearer the actual changes m the P distribution are 
showTi in the lower part of the table by the differences between the 
values determined before and 48 hours after the operation The next 
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TABLE 2 

Doj number IZl Utd^uodenal abrtructum ABmed aater ad lib Weight 19 J kihs 
Zest 3 0 kihs Died about 60 hours after operation 




Before opeimtioQ 

48 Hours after operatJoa 



Whole 

blood 

Fl&ima 

CcBb 

Whole 

blood 

Plasma 

Ceni 

Blood cdifl total 

volumes per cent 


m 


S9J 



RBC only 

volumes per cent 




S6J 



RBC 

miUxons per cjnm 




8 19 



Erythrocyte size 

XU mu 

66 0 



687 



Protein 

grams per 100 cc 


77 



lOJ 


Nonprotein nitrogen 

mgm per 100 cc 

26 0 



133 0 



Sugar 

fflprt per 100 cc. 

910 



155 0 



Chlondes 

tnAf per liter 


KI31I1 



663 


COf content 

mM per liter 


24,3 



42 6 


Phoephoma distribution 







1 Inorganic 

mpn per 100 cc 

2 01 

269 

■Eig 

6,51 

9 41 

4 5 

2 Total acid soluble 

mm per 100 cc 

26 7 

2 72 

48 0 

50 0 

10 58 

77 0 

3 Organic aad soluble tn^m per 100 cc 

24 69 


46 6 

43 49 

1 17 

123 

i Total 

mgm per 100 u 

42 I 

13 0 

680 

70 5 

26 7 

100 5 

5 Aad insoluble 

mpn per 100 cc 

15 4 

10J18 

20 0 

20,5 

16 12 

235 

6 Lipm 

7 Non hpb, add in 

mgm per 100 cc 

13 2 

96 

16 4 

15 4 

161 

14 9 

eolabte 

mpn per 100 cc 

2,2 

068 

36 

51 

0 02 

86 

Ester P RBC ceuni raitc 

3J6 



5j; 



Changes in pbospboma, after operation 







1 Inoiganic 





4,5 

+ 6 72 

+ 3 1 

3 Organic add-eoluble, ester P 




-1-18 8 

+ 1 14 

+25 9 

4 Total 





-f28 4 

+13 7 

+323 

5 Aad insoluble 





-h 51 

+ 584 

+ 3,5 

6 Lipm 





+ 2a 

+ 6J 

- 13 

7 Non lipm aad insoluble 




+ 29 

mm 

+ 50 


greatest change was in the increased inorganic P of the pfasma The 
changes in the aad insoluble P were different m the plasma and in the 
cells the Upm P was mcreased m the plasma, while the non hpin, resid- 
ual P was mcreased m the cells 

Mid-dtwdenal obstruclton Dog number 60 (.Figure J) 

This figure presents graphically the changes observed m the blood 
of a dog at 68 and 96 hours after mid-duodenal obstruction The dog 
died 97 hours after operation The pnnapal changes were (1) Non- 
protem mtrogen, markedly mcreased (2) Decrease of the Cl in both 
plasma and cells, with mcrease of the CO» content in both The ter- 
rmnal fall in the COj, sometimes much greater than m this dog, is doubt 
less due to the accumulation of orgamc acids which is to be expected 
at this time, especially with a high nonprotein nitrogen value (3) 


















* In these figures the columns 1, 2, 3 represent the total P as mgm per cent 
in the whole blood, cells and plasma respectively In the columns the solid, 
cross hatched and blank portions indicate respectiv ely the organic aad-solublc 
''Ester-P,” the inorganic and the aad-insoluble P In Figure 4 the hpin P is 
also represented, at the top of the columns, by perpendicular lines wnthin that 
portion representing the aad-insoluble P The curves as drawn represent the 
chlonde and COi contents in terms of millimols per liter (mM fh ) and the 
nonprotein nitrogen as milligrams per 100 cc (mg per cent) The figures for 
the EsicT-P RBC count ratio, the Hb RBC count ratio and the RBC count in 
millions per c.mm have been mulbphed by 10 for conv'enience in making a 
clearer chart. 
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Phosphorus distribution The eater-P is increased within the cells, 
and the inorganic P in the plasma. The increases of the acid insoluble 
P are slight m comparison with these two fractions (4) The serum 
protem, not shown in the figure, was 7 4 grams per cent before the oper- 
ation and increased m the two subsequent blood samples after operation 
to 10 1 grams per cent and 10 6 grams per cent respectively 

The changes observed m the blood followmg pylonc obstruction 
are similar to those shown occurring after mid-duodenal obstruction in 
these two experiments A typical example of pylonc obstrucfaon is 
displayed m Table 1 of the succeeding paper (Andrus, Guest, Gates 
and Ashley) 

Mid-duodenal obstruction -f- salt solution Dog number 78 
(Figure 2) 

The effectiveness of the parenteral admmistration of salt solution 
in prolongmg life m relieving dehydration and in combatting those 
changes of the blood Cl, COi, nonprotem nitrogen, etc , which are 
commonly observed in intestmal obstruction have been demonstrated 
many times (See the reviews ated above ) The two expenments 
displayed m Figure 2 and Table 3 demonstrate that changes of the blood 
phosphorus after obstruction are also prevented, at least in great meas- 
ure, by the admmistration of salt solubon 

After mid-duodenal obstrucbon this dog received daily 40 cc of 
0 9 per cent NaCl solubon per kilogram body weight, injected sub- 
cutaneously The dog’s weight fell progressively from 17 S kgm to 
12 3 kgm on the eleventh day and 12 0 kgm on the sixteenth day after 
operabon During the first 4 days the blood Cl fell, but thereafter the 
salme injecbons brought the Cl in the cells to a normal value and the 
plasma Cl to 118 mM per liter, considerably above its imbal level 
The COi dunng these first 4 days rose, then returned to the imbal level 
With these changes in the Cl and COj, the orgamc acid soluble ester-P, 
after increasing in the cells through the fourth day, returned to normal 
In contrast to the cells, the plasma P showed a gradual decrease through 
the whole penod of eleven days The nonprotem nibogen progres- 
sively decreased At the sixteenth day, 5 days after the last blood 
sample was taken, the dog was developing what appeared to be signs 
of distemper and was sacrificed The autopsy findmgs were, however, 
essenbally normal 

Pylonc obstruction -f- salt solution treatment interrupted after 18 days 
Dog number 263 (Table 3) 

After pylonc obstrucbon this dog was given 1000 to 1200 cc. of 0 9 
per cent NaCl solubon subcutaneously and intrapentoneally daily for 18 
days, this represents more than 100 cc per kilogram body weight 
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Fig 2 Mid-duodenal Obstruction -f Daily Subcutaneous Injections 
OF 0 9 PER cent NaCl Solution 
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TABLE 3 

Dot number 263 

1 Nonnal 

2 Pyloric obstruction Received dafly subcutaneous injections of 1000-1200 cc, 0 9 

per cent NaCl solution for 18 days The dog appeared to be m good condition 
when the soUne injections were stopped 

3 Last blood sample takai after three days without treatment Death occurred about 

4 hours after the blood sample was taken 


1 

1 

1 

1 

Dayt after operation 

1 

2 

3 

Befort 

opemtiojj* 

Pyloric obstroctloa 

Salt solntlon dally 

3 days 
no tut 
■olutton 

11 

18 

21 

Weight 

kUos 

10 8 

9 1 

80 


Blood cells, total 

volumes per cent 

47 8 

45 4 

41 8 

47 2 

RBC only 

volumes per cent 

47J 

44 J2 

407 

45 8 

RBC 

millions per c mm 

700 

6 82 

642 

7 91 

Erythrocyte sire 

cu mu 

67 5 

647 

63J 

57 9 

Hemoglobin, whole blood 

grams per 100 cc 

16 67 

16 32 

14 61 

17^0 

Hemoglobin, cells 

(rams per 100 cc 

3S^ 

36S 

35 9 

38J 

Si i?BC anmt raho 


ZJS 

ZJf 

Z27 

Z21 

Serum protem 

irams per 100 cc^ 

61 

57 

49 

87 

Nonprotein nitrogen 

mpn per 100 cc 

2J 

19 

20 

111 

Sugar 

mpt per 100 u 

91 


67 

82 

COi content plasma 

mil per liter 

220 


39 8 

509 

C0» content cells 

m3i per liter 

13J 


21 4 

26^ 

Chloride plasma 

mM per liter 

llOJ 

1010 

97 5 

65 0 

Cblonde cells 

mif per liter 

60J 

56 9 

42^ 

17J 

Phosphorus distribution j 





Whole Blood 





1 Inorgamc 

mtm per 100 cc 

365 

40 

3 79 

7 96 

2 Total aad soluble 

mgm per 100 cc 

27 0 

30 4 , 

30J 

47 8 

3 Organic acid soluble 

mpn per 100 cc 

23J5 

25 6 1 

26 7 

39 84 

4 Total 

mpn per 100 cc 

43j; 

43 7 

42J 

67 2 

5 Aad insoluble 

mpn per 100 cc 

16J 

13J 

11 8 

19 4 

Esier P RBC couni raito 


3J3 

3 75 

415 

1 

5 03 

Plasma 






1 Inorgamc 

mpn per 100 cc 

ij 


4J5 

10 46 

2 Total aad-soluble 

mgm per 100 cc. 

4J 


i 44 

11 12 

3 Organic add soluble 

mpn per 100 cc 

02 


005 

066 

4 Total 

mpn per lOO cc 

16 5 

13 5 

12 3 

250 

5 Aad msoluble 

mpn per 100 cc 

12 0 


80 

1 

13 9 

Cells 




1 


1 Inorganic 

mpn per 100 cc 

2 94 


30 

516 

2 Total aad soluble 

mpn per 100 cc. 

SI 6 


66 8 

886 

3 Organic aad-soluble 

mpn per 100 cc 

486 

56 0 

63^ 

83 6 

4 Total 

mpn per 100 cc 

73 0 

80 0 

840 

114 4 

5 Aad Insoluble 

mpn per 100 cc 

214 


17 2 

25 6 


* Figures m this column are assembled from 3 separate preoperative blood 
samples 
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Dunng these IS days the plasma Cl fell from 110 5 to 97 5 mM , and 
the Cl of the cells fell from 60 3 to 42 5 mM , indicating that the salt 
gi\en was not adequate to keep the blood chlorides at their initial le\el 
The dog, howe\er, appeared to be in good condition, and w'hen the 
saline injections w ere stopped on the 18th day after operation the blood 
nonprotein nitrogen w'as not increased A blood sample w'as taken 3 
dajs after the last injection of salt solution and the dog died about 4 
hours after this sample was taken The nonprotein nitrogen m this 
last blood sample was 111 mgm per 100 cc The chlorides had decreased 
to 65 0 mM in the plasma and to 17 3 mM in the cells, while the COj 
tvas increased in both plasma and cells During the first 18 days the 
plasma total P diminished, in the cells the organic acid-soluble "Elster- 
P” fraction increased slowly from 48 6 to 63 8 mgm per 100 cc After 
the abrupt interruption of the saline injections the ester-P in the cells 
rose in 3 days to 83 6 mgm per 100 cc , while the total P of the cells 
reached 114 4 mgm per 100 cc In the first 18 days the red blood 
cell count fell somewhat, but rose in the last 3 days The serum pro- 
tein had fallen to 4 9 grams per cent on the 18th day, but in the last 
sample had increased to 8 7 grams per cent The Hb RBC count 
ratio changed very little dunng this whole penod, an indication that 
in this important charactenstic the red cells had not changed Con- 
trast with this the increasing Ester-P RBC count ratio 

PyJortc obstruction + glucose solution Dog number 298 

{Figure 3) 

It has been argued that the increase of inorganic phosphate in the 
blood in intestinal obstruction is due to a failure of renal excretion of 
waste endogenous phosphates (see Discussion) The expenment shown 
in Figure 3 w'as performed to see whether the promotion of marked 
diuresis by the parenteral administration of water in the form of glucose 
solution w'ould prevent the increase of phosphates in the blood 

After pylonc obstruction this dog received daily injections of 5 
per cent glucose solution subcutaneously and mtrapentoneally The 
animal lived 6§ days, a longer time than any of the dogs lived that 
did not receive salt solution The body weight fell from 19 7 to 18 0 
kilograms The blood nonprotein nitrogen increased slowly, if compared 
mth the nonprotein nitrogen increase in the untreated dogs with pylonc 
obstruction The erythrocyte size and hemoglobin content of the cells 
remained remarkably constant, although there was a considerable 
decrease (6,700,000 to 5,375,000 per c mm ) in the red blood cell count 
The serum protein was 7 9 grams per cent before operation and increased 
to 8 3 and 8 5 grams per cent on the fourth and sixth days respectively 
By the columns in the figure, representing the P distnbution on the 
third and fifth days after operation, it may be seen that the increase 
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Fig 3 Pyloric Obstructions + Daily Subcutaneous and Intkaperi- 
TONEAL iNJECnONS OF 5 PER CENT GLUCOSE SOLUTION 


of the ester P in the cells, as well as the losses of chlonde from both 
plasma and cells, occurred exactly as observed m the obstructed dogs 
left without treatment. 
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Effects of deprivation of food and uatcr Dog number 69 (Table 4) 

Dog number Z7S (Figure 4) 

The control expenments, shown m Table 4 and Figure 4, are 
cited to shon that in normal dogs simple depnvation of food and water 
e%cn after 16 and 18 days did not bnng about any such remarkable 
changes of the phosphorus distribution in the blood as are observed 
in the dogs wnth intestinal obstruction 

The dog number 69 (Table 4), depnved of food and water for 16 
days, showed rather remarkable constancy m the blood chemical values 
Note that the increasing chlonde and serum protein indicate a con- 

table 4 


Dog number 69 Deprived of food and water 



Before 

Da> R of stari'atlon 

2 

6 

11 

16 

Weight 

kilos 

12 5 

12 0 

10 5 

95 

86 

Blood cells, total 

volumes per cent 

54 0 

56 0 

55 4 

56 9 

48 2 

RBC 

millions per c mm 

8 19 

8 23 

8 80 

8 97 

8 26 

Hemoglobin, l^hole blood grams per 100 cc 



19 25 

18 24 

16 94 

Hb RBC count ratio 




2 18 

2 03 

2 05 

Serum protein 

grams per 100 cc 

6 40 

8 49 

7 97 

9 54 

9 83 

Nonprotem nitrogen 

mgm per 100 cc 

31 0 

39 

39 

30 

120 

Sugar 

mgm per 100 cc 

98 

100 

129 

96 

129 

COj content, plasma 

mM per liter 

22 48 

22 29 

21 68 

23 87 

17 9 

COi content, cells 

mM per liter 

14 4 

13 8 

14 6 

KISU 

12 3 

Chlonde, plasma 

mM per liter 

107 

1120 1 

119 0 


132 7 

Chlonde, cells 

mM per liter 

56 1 

646 

61 4 


69 8 

Phosphorus distnbution 






WTiole blood I 






1 Inorganic 

mgm per 100 cc 

2 29 

291 


3 45 

84 

2 Total aad-soluble 

mgm per 100 cc 

26 9 

27 6 


30 3 

33 3 

3 Organic aad-soluble 

mgm per 100 cc 

24 6 

24 7 

27 1 

26 8 

24 9 

4 Total 

mgm per 100 cc 

38 9 

42 8 

45 4 

45 5 

49 4 

5 Aad-msoluble 

mgm per 100 cc 

12 0 

15 2 

15 3 

15 2 

161 

Ester-P RBC count ratio 


3 00 

3 00 

3 08 

2 98 

3 01 

Plasma 


1 





I Inorganic 

mgm per 100 cc 

2 87 

3 81 

3 71 

4 06 

10 4 

2 Total aad-soluble 

mgm per 100 cc 

3 06 

4 08 

4 00 

4 66 

10 8 

3 Organic aad-soluble 

mgrr per 100 cc 

02 

03 

03 

06 

04 

4 Total 

mgm per 100 cc 

10 15 

15 6 

15 5 

13 5 

21 7 

5 Aad insoluble 

mgm per 100 cc 

7 1 

11 5 

11 5 

88 

10 9 

Cells 







1 Inorganic 

mgrr per 100 cc 

1 80 

2 20 

2 46 

2 99 

6 25 

2 Total aad soluble 

mgm per 100 cc 

47 2 

46 1 

51 I 

49 7 

57 4 

3 Organic acid-soluble 

mgm per 100 cc 

45 4 

43 9 

48 6 

46 7 

SI 2 

4 Total 

mgrr per 100 cc 

63 4 

642 

69 5 

69 7 

79 1 

S Aad-msoluble 

mgm per 100 cc 

16 2 

18 1 

18 4 

20 0 

21 7 
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siderable concentration of the blood In the last sample the non- 
protein mtrogen is high, and the inorganic P is considerably elevated, 
but even m this sample the changes m the phosphorus are almost negli- 
gible except for the morgamc fraction 

In the dog number 278 (Figure 4), depnved of food and water, 
there was a considerable decrease in the total phosphorus of the blood 
cells m the first six days, without any appreciable change m the phos- 
phorus of the plasma Subsequently there was a slow increase of the 
total cell phosphorus, but m the whole penod of 18 days these changes 
are practically hmited to the organic aad soluble fraction Note the 
progressive steady mcrease of the plasma chlonde to 129 mM per liter 
On the 18th day the blood nonprotein mtrogen was high, and the dog 
was found dead on the mommg of the 20th day 

DISCUSSION 

The mcreases of morgamc phosphates m the blood m mtestmal 
obstruction have been explained by the hypothesis, offered by Atchley 
and Benedict (1927), that the ladneys fail to excrete the endogenous 
waste phosphates Wakeman, Peters and Lee (1931) found that in 
pylonc obstruction the concentration of P m the unne was very high, 
but It IS perhaps possible that even a partial “retention’' nught result 
m the accumulation of phosphates m the blood since under these con- 
ditions there is excessive tissue catabolism which malrps necessary a 
greatly mcreased excrehon of waste phosphates Such failure of ex- 
crefaon might be due to a dumnubon of kidney funcbon (McQuame 
and Whipple (1919)) assoaated with the toxic nephnbs described by 
Brown, Eusterman, Hartman and Rowntree (1923) as part of the mtoxi- 
cabon that accompanies mtestmal obstrucbon, or it might be due 
simply to lack of water, the result of dehydrabon brought about by 
vomibng The mcrease of the nonprotein mbogen m the blood might 
be explained on either basis, or both, and the increased nonprotem 
mtrogen figure may be accepted as an mdicabon of a failure of ex- 
crebon of various endogenous waste substances The increase of 
ester-P m the cells seems not so easily explainable, but here again the 
dummshed excretory funcbon of the kidneys must be considered m 
view of the work of Kay (1926) and of Eichholtz, Robison and Brull 
(1925) which indicated that the inorganic phosphates of the urme may 
be derived from the ester-P of the blood by enzyme hydrolysis of these 
esters as the blood passes through the kidneys Thus, failure of renal 
funcbon might possibly mclude suppression of such enzymabc proc 
esses and, therefore, allow the accumulabon of organic as well as m 
orgamc phosphates in the blood This subject wdl be further discussed 
m a later paper in which will be reported studies — similar to those 
reported here — of experimental nephnbs and the effects of bilateral 
hgabon of the ureters m dogs 
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Fig 4 Changes in the Blood of a Dog Depria'ed of Food avd \\ ater 


GEORGE MARTIN GUEST AND WIIXIAM DEWITT ANDRUS 


471 


However, even granting that diminished renal function may be 
partly responsible for an accumulation of phosphates m the blood, the 
mechanism of the increase of ester-P m the blood cells remains obscure 
The phosphorus compounds determined in this fraction are extremely 
labile, vanous factors decreasing and increasing their concentration 
Haldane, Wigglesworth and Woodrow (1924) and Kay (1924) have 
demonstrated that chlonde aadosis (mduced by the feedmg of NHiCl) 
brings about a great reduction of the ester P of the blood cells The 
mechcmism of this effect has not been completely explained but m view 
of the evidence nted in the introduction, that the phosphonc esters 
are bound to alkali m the cells, it seems possible that the excess of Cl' 
ions m such a state of acidosis is capable of displacing the ester P 
from this alkali Following this argument, if Cl' is lost from the 
cells the ester P may be retained by the alkali from which Cl' was 
lost much as HCOj ' is known to be retained by the alkali of the blood 
from which Cl is lost At any rate, in these dogs with intestinal ob- 
struction there is observed greater parallehsm between the losses of 
Cl from the cells and the increases of the ester-P m the cells than be 
tween any of the other chemical changes 

In the two expenments shown m Figure 2 and Table 3, the adminis 
trabon of salt solution parenterally prevented an accumulation of the 
nonprotein mtrogen m the blood and there was no appreaable change 
in the inorganic P, yet there was an increase of the ester P paralleling 
closely the losses of Cl from the cells Unless the excretion of waste 
phosphates is qmte different from the excretion of waste mtrogenous 
products, It would appear that at least in these expenments the accumu 
lation of phosphorus was not due to failmg renal function In the two 
dogs depnved of food and water (Table 4 and Figure 4) the terminal 
increases of the nonprotein mtrogen m the blood before death were not 
accompamed by any sigmficant increase of the ester P of the blood, 
even when in one dog (number 69) the morgamc P of the plasma was in- 
creased to 10 4 mgm per 100 cc 

SUMMARY 

Following expenmental pylonc and mid-duodenal obstruction in 
dogs, marked changes m the distribution of phosphorus in the blood 
have been observed The phosphorus was partitioned as the following 
fractions m the whole blood, plasma and cells Inorganic, aad-soluble, 
organic aad-soluble or “Ester P”, aad msoluble, alcohol-ether soluble 
or lipm P, total phosphorus The most important changes were marked 
inaeases m the fraction designated "Ester P ’ which has an average 
normal value of about 50 mgm per 100 cc. in the cells and only 0 3 
mgm per 100 cc, in the plasma The increases of the ester-P were 
much greater than the changes m any of the other phosphorus fractions 
of the cells or plasma 

31 
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Changes in chloride and CO; content of both plasma and cells were 
compared wnth concomitant changes in the distnbution of phosphorus 
In all the experiments there W'as a close correlation between the pro- 
gressne losses of chlonde from the blood cells and the increases of 
organic acid-soluble phosphorus It seems likely that as the organic 
phosphorus compounds increased they were bound to the alkali in the 
cells from •which Cl' was lost 

The parenteral administration of NaCl solution to obstructed dogs 
prevented the increases of organic acid-soluble phosphorus in the blood 
cells to about the same degree that it prevented the losses of chlonde 
from the blood cells 
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In the preceding paper (Guest and Andrus. 1932) certain of the 
pnnapal changes occumng in the blood of dogs following simple py- 
loric or mid-duodenal obstruction have been discussed Expenments 
were reported in which the distnbution of phosphorus in the blood of 
dogs with obstruction was determmed, and changes m vanous fractions 
of the blood phosphorus were correlated with other chemical changes 
of the blood which are generally known to be assoaated with intes- 
tinal obstruction The greatest change m the blood phosphorus was 
m that fraction designated as the ‘ orgamc aad soluble ester P" practi- 
cally all of which is contained in the cells Changes in the chlonde 
content of both plasma and cells were compared with Concomitant 
changes m the distnbution of phosphorus, and a close correlation be 
tween the progressive losses of chlonde from the blood cells and the 
increases of the ester P of the cells was demonstrated Prom these 
findings it was concluded that in the aad base equilibnum of the cells 
these orgamc phosphorus compounds had some sort of a reaprocal 
relationship to the cell chlonde, and that as these phosphorus com 
pounds mcreased they were bound to the alkali in the cells from which 
chlonde was lost, much as HCO»' is known to be retained by the alkali 
of the blood from which Cl' is lost In those experiments it was also 
shown that the parenteral adnunistration of NaCl solution prevented 
mcreases of ester P in the cells to about the same degree that it pre- 
vented losses of chlonde 

The two theones most commonly accepted in explanation of the 
cause of death m intestinal obstruction are (1) that death is due to 
dehydration and disturbance of the aad base eqmlibnum of the body 
which follows the loss of electrolytes and water by vonuting and by 
failure of reabsorpPon of gastro mtestinal secretions from the obstructed 
bowel, (2) that death is due to a state of intoxication of the tissues 
brought about by toxic substances absorbed from the obstructed bowel 
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into dogs cause a marked augmentation of gastnc, pancreatic and intes- 
tinal secretion Accordingly it seems probable from this as well as 
other evidence obtained by other workers, that the fall m blood chlondes 
m obstruction is due to their accelerated passage into the alimentary 
tract and failure of reabsorption " 

In the experiments here descnbed, histamine is employed as a known 
substance which is at least closely related to the toxic substances pres 
ent m and absorbable from the obstructed bowel Injected sub- 
cutaneously, histanune stimulates a rapid flow of gastnc jmce of high 
HCl content In normal ammals such injections cause only shght 
lowenng of the blood chlondes, even when given at frequent mtervals 
and contmued over a long penod (Lim and Ni (1926), Drake and Tisdall 
(1926)), presumably this is because most of the secreted gastnc jmce 
IS reabsorbed after passing through the pylorus However, if the flow 
of gastnc juice thus stimulated is allowed to escape, the repeated in- 
jections of histamine are rapidly followed by marked blood chemical 
changes and death Lim and Ni reported expenments m which dogs 
with Pavlov pouches were subjected to hourly subcutaneous mjecbons 
of histanune m doses of 0 2 mgm per kilogram body weight. One 
such dog (G 17), given mcreasing doses of histanune, averaging 1 9 
mgm per hour, succumbed at the end of 10 hours, dunng this time 
the chlonde of the whole blood fell from 308 mgm per 100 cc (87 mM ) 
before the mjecbons to 222 mgm per 100 cc (62 7 mM ) at the 10th 
hour “Gastnc secrebon was obtamed up bll the last, the total se 
creted bemg 743 cc of juice and 3190 mgm of Cl in spite of the 
dehydrabon and large amount of Cl lost, amountmg m one animal to 49 
per 100 cc, of the total body Cl, the gastnc glands conbnue to secrete ” 
Similar results were obtamed when unoperated ammals were mjected 
with repeated doses of histanune while the gastnc secrebons were con- 
bnuously aspirated by means of a Rehfuss tube. A gastrectomized 
dog, on the other hand, showed no fall m the blood Cl after histamine 
mjecbons Two points may be considered established by such e-xpen 
ments as these first, that the secrebon of HQ with the gastnc jmce 
IS the fundamental cause of the fall of the blood chlonde when these 
secrebons are lost from the body, secondly, that histanune will markedly 
accelerate such losses 

Cer tain objecbons may here be made to some of the conclusions 
drawn from previous expenmental studies of this problem m which 
vanous preparabons of filbates or toxic substances isolated from the 
contents of the obstructed bowel were injected mtravenously to prove 
their toxiaty m normal animals Such an injecbon may provoke 
those symptoms generally known as ‘shock,” and immediate death, 
but climcally one rarely sees such fulminant progress of symptoms 
leadmg to death Histanune when injected mbavenously immedi- 
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INTESTINAL OBSTRUCTION TOXEMIA 


The cfTicaq, of the administration of NaCl solution m prolonging the 
life of animals v.ath simple expcnmental high obstruction is one of the 
strongest indications that m this condition the loss of water and elec- 
trohtes is the pnnapal lethal factor, on the other hand, with “closed 
loops" or in obstruction with strangulation such treatment is less effi- 
cacious and in these circumstances the factor of toxemia appears to 
ha\e greater importance 

Clinically, one seldom encounters circumstances capable of pro- 
ducing the picture of simple obstruction as it is experimentally produced 
in animals, because constnctions and other factors introduce the com- 
plications of strangulation in a high percentage of cases With strangu- 
lation of the intestine, death occurs much more quickly than in simple 
obstruction, and much work has been done to demonstrate that in such 
' cases the greater seventy of symptoms is due to toxic substances which 
appear m the obstructed bowel Filtrates and certain extracts of the 
bowel contents from above the point of obstruction are extremely 
toxic when injected into animals, and many attempts have been made 
to isolate and identify the substance, or substances, responsible for 
this toxicity A review of this work may be found in the article by 
Cooper (1928) WTiipple and his collaborators (1916) believed the 
toxic substances to be of proteose nature, while Gerard (1922) and 
others have pointed out the similanty in the pharmacologic effects 
of these extracts and of histamine Most of the evidence accumulated 
from many different studies indicates that the toxic agent is some prod- 
uct of protein degradation, probably several related substances, and 
that many of the properties and effects of these substances are like 
those of histamine Apparently the toxic substance is not absorbed 
by the normal mucosa (Davis (1914), Murphy and Brooks (1915)) 
but It has been demonstrated that the mucosa of the bowel above the 
point of obstruction is not normal, that increased tension within the 
bow'el may cause absorption to take place (Stone and Firor (1924)) 
and that breaks in the continuity of the mucosa may be produced (Mur- 
phy and Brooks (1915), Van Buren (1920)) wffiich allow the toxic sub- 
stance to enter the tissues 

The presence of toxic substances in the obstructed bowel cannot be 
denied, but there has been much controversy over their importance 
in causing death, compared to the importance of the losses of electrolytes 
and the accompanying chermcal changes of the body fluids The 
studies to be reported here were undertaken with the idea that these 
two theones of the cause of death in intestinal obstruction could be 
better correlated, and that the chemical changes and the “toxemia” 
could be demonstrated to be interdependent Dragstedt (1928) has 
already postulated such a relationship, as follows “the toxic fractions 
in obstruction flmds are powrerful secretogogues, and when injected 
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TABLE 1 

Doi number 266 Pyloric abetrudum AUoroed wler ad Itb , tiarting 18 hours ajler 
operaison Lived 71 hours 



Ncrmai 

Hoan alter operation 

48 

70 

Weight 

hpn 

232 

21J 

201 

Blood cells total 

volumes per cent 

51^ 

56 4 

50 8 

RBC only 

volumes per cent 

SO 1 

53 6 

483) 

RBC 

milhons per c mm 

7 91 


7 75 

Erythrocyte *iie 

cu mu 

63A 


63 1 

Hemoglobin whole blood 

irams per 100 u 

17 19 


17 12 

Hemoglobin cells 

gramr per lOQ cc 

1 343 


35 0 

Hb RBC count ratio 


1 2J7 


221 

Semm protem 

grams per 100 cc 

92 

10 6 

110 

Nonprotem nitrogen 

mgm per 100 cc 

30* 

100 

169 

Sugar 

mfm per 100 cc 

91 

163 

35 3 

COi content plasma 

mM per liter 

22 0* 

32 76 

27 44 

COi content cells 

mil per Itier 

13 0* 

18 84 

14 25 

Chlonde, plasma 

mM per liter 

106 0* 

78 5 

73^ 

Chlonde cells 

mM per liter 

58 0* 

36 8 

28J 

Phosphorus distribution I 

1 



Whole blood 





1 Inorganic 

mgm per 100 cc 

32 

$26 

8 77 

2 Total add soluble 

mim per 100 cc 

29 4 

i22 

52 2 

3 Organic ‘ Ester P 

mgm per 100 cc 

262 

36 94 

43 43 

4 Total 

mjm per IQQ cc 

, 49 1 

690 

76^ 

5 Acid insoluble 

mgm per 100 cc 

19 7 

26 8 

24 0 

Esior P RBC count ratio 


1 3J1 

1 

dJSf 

5 6 

Plasma 





1 Inorganic 

mgm per 100 cc 

3 8 

7 47 

13 8 

2 Total acid soluble 

mgnu per 100 cc 

42 

8 16 

14 8 

3 Organic ' Ester P 

mgm per 100 cc. 

04 

07 

1 0 

4 Total 

mgm per 100 cc. 

21 6 

297 

344 

5 Aad insoluble 

mgm per 100 cc 

17 4 

21^ 

19 6 

Cells 





1 Inorganic 

mgm per 100 cc 

263 

3 55 

3 90 

2 Total acad soluble 

mgm per 100 cc 

53 1 

685 

884 

3 Organic Ester P 

mgm per 100 cc 

SOJ 

65 0 

84J 

4 Total 

mgm per 100 cc 

75 0 

994 

116 7 

5 Acid msoluble 

mgm per 100 cc 

219 

30 9 

28J 


* Assumed normal values taken for companson 

t The RBC count was lost m this second sample Assuming that the 
erythrocyte size did not change the RBC count in the second sample would be 
8 48 millions per c.mm The \alue 4 35 for the ester P ratio is interpolated 
from this figure 
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atcl> pro\okcs a tram of se\ere symptoms, -whereas subcutaneous 
injections ha\e less se\ere effects -which ma> be considered more ph>*si- 
olofpc in nature The slo-w* absorption of the toxic substances from the 
bowel, when this does occur, must have effects more nearly like those 
of subcutaneous injections than like those of a large overwhelming 
dose suddenK injected intravenously Moreover, the injection of a 
large dose of tcxic substance, either intravenously or subcutaneouslv, 
may be followed by a severe reaction which is not necessanly simply 
an exaggeration of the effect of a small dose If one is to reproduce the 
conditions that are encountered clinically, it would seem that the re- 
peated subcutaneous injections of very small doses of these toxic sub- 
stances, at short intervals, should more nearly duplicate the conditions 
imposed by their gradual absorption into the tissues from the obstructed 
bowel, this method was, therefore, employed in the experiments that 
follow 

EXPERIMENTAL 

Methods The methods used in the expenments were the same as 
those described in the preceding paper 

Pylortc obstruction Dog number 266 {Table 1) 

In this table are given figures which illustrate the typical changes 
observ’^ed in the blood of a dog with simple pylonc obstruction The 
pnncipal changes demonstrated in this experiment are (1) The rela- 
tive cell volume increased in the second blood sample but decreased 
again in the third sample The erythrocyte size was unchanged in 
the last sample, but ordinanly there is observed a slight diminution 
in this value (2) The hemoglobin content of the cells remained practi- 
cally unchanged, demonstrating that in this important constituent the 
red cells remained normal (3) The serum protein and the nonprotein 
nitrogen increased (4) The chloride fell markedly in both plasma 
and cells (5) The CO 2 content of both plasma and cells increased 
in the second sample, but fell terminally, presumably because of the 
increase of organic aads which is to be expected at this time (7) 
There was a marked increase of the organic acid-soluble ester-P of the 
cells, e\ndent in the figure for this fraction in the packed cells (84 5 
mgm per 100 cc ) and in the ratio of E}ster-P RBC count The next 
greatest change of the blood phosphorus was in the inorganic fraction 
in the plasma 

Pyloric fistula -{• htslamtne Dog number 262 {Table 2) 

In this dog, under ether anesthesia, the pylorus w*as severed, the 
distal stump in% erted and sutured and a pylonc fistula created through 
the abdominal wall With a soft rubber tube in the fistula opening, 
the dog was kept in a frame for the collection of the gastnc secretions 
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TABLB 1 

Dot number Z66 Pylorto obslrudton AUtneed rooter ad lib siartint 18 hourt after 
operation Lived 71 hours 



Nonn&l 

Hoon after operation 

48 

70 

Weight 

kim 

232 

21 2 

20 1 

Blood cells total 

volumes per ceni 

51J 

56 4 

50 8 

RBC only 

solumsr per csnl 

501 

536 

489 

RBC 

mtUums per cjnm 

7 91 


7 75 

Erythrocyte site. 

cu mu 

63J 


63 1 

Hemogiobm whole blood 

grams per 100 cc. 

17 19 


17 12 

Hemoglobin cells 

grams per 100 cc. 

34A 


35 0 

Hb RBC couni raito 


2 17 


ZAl 

Senim protein 

grams per 100 u 

92 

10 6 

110 

Nonprotem nitrogen 

mgm per 100 cc 

30* 

100 

169 

Sugar 

mgm per 100 cc 

91 

163 

33 3 

COi content plasma 

mid per Itter 

22 0* 

32 76 

27 44 

COi content, cdla 

mid per liter 

13 0* 

18 84 

14 25 

Chloride, plasma 

mid per liter 

106 0* 

78,5 

73 5 

Chlonde cells 

mM per liter 

58 0* 

36,8 

28,2 

Phosphorus distnbuticm 




Whole blood 





1 Inorgaoic 

mgm per 100 u 

32 

5J6 

8 77 

2 Total aad soluble 

mgm per 100 cc 

29 4 

42,2 

52 2 

3 Organic ‘Ester P 

mgm per 100 cc 

26,2 

36,94 

43 43 

4 Total 

mgm per 100 cc 

49 1 

690 

76 2 

S Add insoluble 

mgm per 100 cc 

1 19 7 

26 8 

24 0 

BsUr P RBC ccuni raito 


dJl 

4JS\ 

56 

Plasma 





1 Inorganic 

mgm per 100 cc. 

3 8 

7 47 

13 8 

2 Total aad soluble 

mgm per 100 cc. 

42 

816 

1 14 8 

3 Organic ' Ester P 

mgm per 100 cc. 

04 

07 

1 10 

4 Total 

mgm Per 100 cc 

21 6 

297 

344 

5 Add msoluble 

mgm per 100 cc 

17 4 

21J 

19 6 

Cells 

\ 




1 Inorganic 

mgm per 100 cc ' 

263 

3 55 

3 90 

2 Total aad-solublc 

mgm per 100 cc ' 

33 1 

68,5 

884 

3 Organic ‘ElsterP 

mgm per 100 cc 1 

50.5 

630 

84,3 

4 Total 

mgm per 100 cc , ' 

75 0 

994 

116 7 

5 Aad insoluble 

mgm per 100 cc 

1 

219 

1 

30 9 

28J 


* Assumed normal values, taken (or comparison 

t The RBC count was lost in this second sample. Assuming that the 
erythrocyte sue did not change the RBC count in the second sample would be 
8 48 millions per c.mm The lalue 4 35 for the ester P ratio is interpolated 
from this figure. 
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After apparent recovery from the anesthesia, 3 hours after operation, 
1 mgm doses of histamine in 1 cc of 0 9 per cent NaCl solution Mere 
injected subcutaneously at half-hourly and hourlj intervals These 
injections Mere continued until the dog died at the end of 16 hours 
(19 hours after the operation) by which time a total of 20 mgm of 
histamine had been injected During the first 12 hours of the injections 
the flow^ of gastric juice was almost continuous, observ'ed as a small 
thin mucoid stream which was visibly accelerated by each injection of 
histamine After 12 hours, the flow diminished considerably, and the 
response to each injection of histamine was much less The total 
gastnc secretions collected contained the equivalent of 1050 cc of 
N/10 HCl Complete analyses on the preliminary small blood sample 

TABLE 2 

Dog number 262 Pyloric fistula + histamine Died 16 hours after start of hourly 
subcutaneous injections of 1 mgm histamine 




Normal 

After histamine 
Injections 

Blood cells, total 

volumes per cent 

47 8 

45 2 

RBC, only 

volumes per cent 

46 3 

43 6 

RBC 

millions per c mm 

660 

6 58 

Erythrocj-te size. 

cu mu 

70 1 

66 2 

Scrum protein 

grams per 100 cc 

70 

10 8 

Nonprotein nitrogen 

mgm per 100 cc 

25 

64 

Sugar 

mgm per 100 cc 

90 

50 

COj content, plasma 

mM per liter 

22 

38 5 

Chlondc, plasma 

mM per liter 

108 5 

89 

Phosphorus distnbution 



WTiole blood 



4 76 

1 Inorganic 

mgm per 100 cc 

2 38 

2 Total aad-soluble 

mgm per 100 cc 

27 2 

37 7 

3 Organic “Ester-P” 

mgm per 100 cc 

24 82 

32 94 

4 Total 

mgm per 100 cc 

42 5 

59 3 

5 Aad-insoluble 

mgm per 100 cc 

15 3 

21 6 

Ester-P RBC count ratio 


3 75 

5 00 

Plasma 



69 

1 Inorganic 

mgm per 100 cc 

2 72 

2 Total aad soluble 

mgm per 100 cc 

3 33 

7 25 

3 Organic “Ester-P" 

mgm per 100 cc 

0 6 

0J5 

4 Total 

mgm per 100 cc 

124 

25 5 

5 Acid-insoluble 

mgm per 100 cc 

9 07 

18 25 

Cells 



2 17 

1 Inorganic 

mgm per 100 cc 

2 01 

2 Total aad soluble 

mgm per 100 cc 

53 2 

74 6 

3 Organic “Ester-P" 

mgm per 100 cc 

SIJ. 

72 4 

4 Total 

mgm per 100 cc 

75 4 

lOOJ 

5 Aad-insoluble 

mgm per 100 cc 

22 1 

25 7 
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taken before operation were not made, in the first column of Table 2 
are listed for comparison the figures for nonprotein mtrogen, COj 
content. Cl and phosphorus distnbution determined m the blood of a 
normal dog which had approximately the same relative cell volume, 
cell count, and hemoglobin In the blood sample taken just before 
death (second column. Table 2) note especially the following values (1) 
elevated serum protein and nonprotem mtrogen , (2) the low Cl and high 
COi content of the plasma, (3) the increased phosphorus content of the 
cells, the mcrease being practically aU in the ester-P fraction In this 
last blood sample were found values of such magnitude of change from 
the normal as have been observed m the blood of dogs with simple pylonc 
obstruction (i e , without histamine mjections, or other treatment) only 
at 48 to 72 hours or longer after operation, m this dog these changes devel- 
oped in the bnef course of 19 hours after operation, or only 16 hours after 
the histamme injections were started 

Normal dog injected mth htslamtne, followed by pylonc obstruction and 
repeated histamine injections Dog number Z7Z {Tabled) 

A normal dog was subjected to hourly subcutaneous mjections of 1 
mgm of histamme, in 1 0 cc of 0 9 per cent NaCl solution, for 48 hours 
Food was withheld Throughout this period the animal manifested no 
outward signs of ill effects of the mjections at any time Blood samples 
were taken for analysis before the mjections were started and again at 
24 and 48 hours After 16 days of rest a pylonc obstruction was created 
and immediately after recovery from the ether anesthesia the dog was 
subjected to the same hourly subcutaneous injections of histamme as 
before Blood samples were agam taken at the mtervals indicated m the 
table Since it was undesirable to draw large blood samples, complete 
analyses were not done on the preliminary blood samples taken before 
each of these experiments The injections of histamme in the unoperated 
ammal were almost without significant effect on the blood There was a 
shght but measurable dmimution in sue of the erythrocytes, 65 5 to 
62 4 cu microns, and a shght diminution of the chloride, more noticeable 
in the cells The ester P of the cells increased slightly After pylonc 
obstruction, 16 days later, the same mjections of histamine were attended 
by rapid changes m the blood, as follows (1) Concentration of the blood, 
mdicated by the increasing red blood cell count and mcreased serum 
protein (2) Loss of chlonde and increase of COi m both plasma and 
cells (3) Increases of the total phosphorus, practically all m the ester P 
fraction in the cells These changes were in no wise different from those 
observed m other dogs with simple pylonc obstruction, but developed 
much more rapidly In the last blood sample, taken 1 hour before death 
(22 hours after operation) after 16 injections of 1 mgm doses of histamme, 
the raagmtude of changes in the blood is, as m the previous expenment. 



TADLK 3 
Dog number 27Z 

NormnI dog received hourly aubcutaneoua injectiona of 1 mgm histiniinc m 0 9 per cent NaCI Appeared to auffer no ill effccta 
Pyloric obstruction Operation performed 16 days later Five hours after the operation, started hourly subcutaneous injections of 1 mgm 
doses of histamine as before The dog died 26 hours after the operation 
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* Assumed normal \Tiluea, taken for companson 
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approNimatcly that seen in dogs with simple pylonc obstruction at 48 to 
72 hours, or longer, after operation 

Pylonc obstruction + salt solution + histamine Dog number 297 

(Tables 4 and 5) 

In dogs wnth simple pyloric obstruction the parenteral administration 
of NaCl solution in appropriate amounts (around 50 cc or more per kilo) 
prolongs life in the animals and diminishes the alterations of the blood, 


table 4 

Time schedule oj the experiment shmen in Table 5 for dog number 297 


Hours nfter 

0 9 per cent ^ 

Number of 

Notes 

opfratlon 

NaCl solution 

blood eample 


cr 

1 I 

Weight before operation, 21 kgm Sample 




taken 24 hours before operation 

i 

1500 



22 

1000 



30 


2 

Histamine 1 mgm in 1 cc 0 9 per cent NaCl 

36 



solution, hourly injections started immediately 

48 



after 2nd blood sample itos taken, and con- 

52 


3 

tinued through 48 hours 

54 

1 1500 



60 

[ 1200 

1 


72 

1000 



78 

1 

4 



as described in the first paragraph of this paper If the effect of histamine 
in hastening death in obstructed dogs is mainly one of stimulating gastric 
secretion and thus accelerating the losses of chlonde from the body, then 
the administration of salt solution in sufficient amounts theoretically 
should protect these dogs as well as those with simple obstruction The 
followang experiment was performed to determine whether such protec- 
tion could be obtained 

In a dog weighing 21 kgm the pylorus was obstructed, under ether 
anesthesia, wath the usual technic Immediately after operation 1500 cc 
of salt solution were given subcutaneously Again at 22 hours after op- 
eration 1000 cc of salt solution were given At 30 hours after operation a 
blood sample w'as taken and immediately afterwards hourly subcutaneous 
injections of 1 mgm histamine in 1 0 cc 0 9 per cent NaCl solution were 
started (This inteiw^al of 30 hours before starting the histamine injec- 
tions was allowed so that the dog might reco\er from the immediate 
effects of the anesthesia and operation A repetition of this experiment, 
in which both the histamine injecuons and the parenteral administration 
of salt solution were started immediately after operation, gave almost 
exactK the same results as shown here, so this time interval appeared to 
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TABLE S 


Doi number 297 Pylonc obslrudum + salt loiutton hourly tnjedums qf histamtnt 

for 48 hours 


Hoor* after operation 

Nomber o( blood samide 

Before 

1 


m 

n 

Blood celU total 

volumes per cent 

44,2 

49 9 

484 

409 

KtiU, only 

volumes per cent 

43 t 

48,3 

468 

39 6 

RBC 

mtUtons Per c mtn 

6 45 

820 

820 

6 45 

Erythrocyte size. 

cu, mu 

66,8 

585) 

55 0 

61 4 

Hemoglobin whole blood 

grams per 200 cc 

15 76 



15 44 

Hemoglobin cells 

grams per 100 cc 

36,5 



39 0 

Hb RBC count ralto 


244 



2J9 

Senim protein 

grotrw per 100 cc 

7,8 

10 4 

8 72 

744 

Nonprotein nitrogen 

mgm per 100 cc 

30* 


20 

25 

Sugar 

mgm per 100 cc 

90* 


85 

59 

COt content plasma 

tnAf per liter 

22 0* 


32 1 

32 8 

CO> content, cells 

mM per liter 

13 0* 


17 4 

18 4 

Cblonde plasma 

mM per liter ' 

1110 

111 5 

113 0 

114 5 

Chlonde cells 

mM per liter 

1 

601 

53 4 

407 

592 

Phosphonifl distribution j 


1 

■1 


1 

Whole blood i 


1 

■1 


1 Inorganic 

mgm per 100 cc 

3 12 

3 02 

mSM 

3 24 

2 Total aad-6oluble 

mgm per 100 cc 

24 6 

32J 

345 

29 4 

3 Organic "Ester P 

frtgm per 100 u 

20,5 

292 

31 8 

26 16 

4 Total 

mgm per 100 u 

40 0 

487 

512 

45 0 

5 Acid insoluble 

mgm per 100 cc 

15 4 

16 4 

17 0 

15 6 

EsUr P RBC count ralto 


318 

3J7 

3 74 

4 OS 

Plasma 



1 



1 Inorganic 

mgm per 100 cc 




2 92 

2 Total aad solnble 

mgm per 100 cc 



1 

422 

3 Oiganic ‘Ester P 

mgm per 100 cc 




04 

4 Total 

mgm per 100 cc 

14 6 

17 1 

17 4 

15 0 

5 Aad insoluble 

mgm per 100 cc 




10 7 

Cells 






1 Inorganic 

mgm per 100 cc 




2 26 

2 Total aad-soluble 

mgm per 100 cc 




65 6 

3 Organic Ester P 

mgm per 100 cc 

47,St 

58 7t 

65 7t 

634 

4 Total 

mgm per 100 cc 

72 0 

80 4 

872 

88.3 

5 Aad insoluble 

mgm per 100 cc 




22 7 


* Assumed normal values, taken for companson 

t Where the complete analyses of plasma were not made, the organic 
ester P of the cells was calculated without allowing for the ahght amount of 
ester-P in the plasma. The error thus introduced is negligible 

be unimportant.) Salt solution was again given at 36 hours and 48 
hours, and another blood sample was taken at 52 hours after operation 
(See the time schedule of the expenraent in Table 4 ) In this blood sam- 
ple No 3 the cell chlondes were found to be low and in the next 24 hours 
the admimstration of salt solution was mcreased (See Table 4 ) In 
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the last blood sample, at 7S hours, the chlorides of both plasma and cells 
were again at practically the initial le\el The nonprotem nitrogen had 
remained normal The total phosphorus of the cells increased, and the 
figure for the Estcr-P RBC count ratio steadily increased, but these in- 
creases in the cell P are not nearly as great as those shown after simple 
pjlonc obstruction in Table 1 The changes in the plasma phosphorus 
were negligible 

The dog Mas sacnficed after the blood sample taken 78 hours after 
operation (48 hours of histamine injections) The experiment had been 
continued long enough to demonstrate that the dog could be kept alive 
by the parenteral administration of salt solution well beyond the time at 
which death occurred in dogs with obstruction, similarly injected wnth 
histamine but not receiving salt solution Were it not for the exigencies 
of the experiment — the large blood samples that had been taken, etc — 
It seems likely that this dog could have been kept alive for even a longer 
time by this treatment 

DISCUSSION 

In these expenmen ts it is demonstrated that when dogs wnth pyloric 
fistula or pylonc obstruction are injected \vith small repeated doses of 
histamine, they develop more rapidly all the chemical changes of the blood 
which are ordinanly associated wnth intestinal obstruction, and die much 
more quickly than do the untreated dogs wnth simple obstruction In 
normal unoperated dogs similar injections of histamine continued for even 
longer periods were wnthout visible deletenous effects and caused only 
slight changes in the blood Histamine thus injected is known to have a 
powerful effect in stimulating the secretion of gastne juice In normal 
animals these secretions presumably pass through the pylorus into the in- 
testine to be reabsorbed and again form part of the body fluids How- 
e\ er, in animals wnth obstruction and vomiting, such stimulation of the 
gastric secretion must accelerate the losses of gastric secretions from the 
stomach and therefore hasten the development of all the chemical changes 
which occur in the body in consequence of these losses If one accepts 
the existing evidence that the alterations of the blood and body fluids 
ordinarily obserw’ed in simple high obstruction are due mainly to the losses 
of w-ater and electrolj’tes by vomiting, it seems reasonable to believe that 
the same mechanism is operati\e in producing the altogether similar 
changes that are obserx'ed w^hen dogs wnth obstruction are injected with 
histamine It seems unnecessar>' to postulate a general toxic action of the 
histamine on the body tissues to explain the effects of histamine in hasten- 
ing death in the obstructed animals The immediate death with the 
sjmptoms of “shock” that follow's the intravenous injections of larger 
doses of histamine ma> be due to a different mechanism 

Work IS in progress to determine whether or not the effects of sub- 
cutaneous injections of the toxic substances (proteoses or amines?) 
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from the contents of the obstructed or strangulated mtestine, or from 
closed loops in dogs, are closely analogous to this effect of histamine 
The absorption of such substances conceivably imght be sufRaently rapid 
to cause immediate death with manifestations like those observed after 
the mtravenous injection of these toxic substances, but m clmical ex- 
penence such a circumstance is certainly exceptional It is likely that 
the slow absorption of these substances will be found to have an effect 
similar to that of histamine in stimulating the flow of gastnc juice 
(Dragstedt and Dragstedt (1922)) , if this be true, then it is possible that 
the most important effect of the slow absorpbon of toxic substances from a 
strangulated portion of bowel is not any general “intoxication” of the 
body tissues, but an acceleration of all those secondary effects which ul- 
timately cause death 

In dogs with obstruction, injected with histamme, much more salt 
solution was necessary to maintam the blood chlondes at a normal level 
than in similarly obstructed dogs not receiving histamine mjecbons In 
Table 4 it is to be noted that even though the plasma chlonde remained 
at a normal level in the obstructed dog receiving large amounts of salt 
solution parenterally along with the hourly injections of histamine, the 
cell chlonde fell markedly, from 60 1 mM before operation to S3 4 and 
40 7 mM , m the blood samples taken at 30 and 52 hours, respectively, 
after operation A larger amount of salt solution was given in the 24 
hours before the last blood sample was taken, 78 hours after operation, 
and m this blood the cell chlonde was again at the normal level This 
observation of a fall m the chlonde greater in the cells than m the plasma 
after histamine mjections has been confirmed in several expenments, and 
was observed by Lim and Ni (1926) in their expenments mentioned m 
the early part of this paper In several of the expenments with ob- 
structed dogs, both with and without histamine injections, it has seemed 
to be more difficult to prevent the losses of Cl from the blood cells and 
the increases of ester-P m the cells than to mamtain the plasma Cl at a 
normal level by means of the parenteral admmistration of NaCl solution 
Much more work is needed to ascertain the significance of this in relation 
to treatment. 

SUMMARY 

In dogs with pylonc obstruction, repeated subcutaneous injections of 
small doses of histamine have the effect of hastemng the development of 
those chenucal changes in the blood which have been claimed by many to 
be the most important ultimate cause of death 

Histamme has been employed as a known substance which is at least 
closely related to the toxic substances which appear in the contents of a 
segment of obstructed or strangulated bowel Histamme, injected sub 
cutaneously as in these expenments, stimulates the flow of gastnc juice 


32 
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and in the presence of \omiUng such increased secretion results in more 
rapid losses of electrolytes and water than occur m animals wTth simple 
obstruction, in consequence of this there is a more rapid development of 
the whole c\cle of the symptoms and chemical changes which ordinanl> 
accompany intestinal obstruction 

From these expenments it is suggested that patients wnth intestinal 
obstruction plus strangulation, or dogs with experimental obstruction 
plus closed loops, die sooner than do those wnth simple obstruction not 
because of any specific general " intoxication ” of the body tissues, but 
because the slow absorption of histamine-like substances from the bowel 
results in an acceleration of the progress of all those chemical changes 
which occur secondarily to the losses of gastic secretions 
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THE SPINAL FLUID IN HYPERTENSION' » 

By SAMUEL A. SHELBURNE DANIEL BLAIN and JAMES P OHARE 
{From the Medical Cltntc of the Peter Bent Briiham Hospdal, Boeton) 
(Received for publicabon December 12, 1931) 

This study was onginally prompted by a very disturbing result of 
lumbeu- puncture in a patient who had headache, severe hypertensive 
disease and marked eyeground changes Shortly after the puncture the 
patient became defimtely psychotic This brought to a head certain 
questions previously entertamed concerning the intracranial pressure in 
this disease, how often the headache could be attributed to increased 
pressure withm the skull, and when lumbar puncture could be used as a 
therapeutic measure 

We knew from the expenence of others and our own earlier work that 
not every case of hypertension was accompanied by elevation of spmal 
flmd pressure Our chief endeavor was to establish some method of 
determinmg which patients had such increased pressure without actually 
performing the lumbar puncture If such an mdirect method could be 
established, it would be possible often to avoid an unnecessary, trouble 
some and possibly harmful procedure 

Although many authors had written on this subject their conclusions 
were far from uniform We will mention only a few papers to show the 
varying trend of ideas which confronted us m the literature The earlier 
wnters, notably Lyttkms (1), suggested on very scant evidence that a 
rise in blood pressure was followed by a nse in the cerebrospmal flmd 
pressure Later work, prmcipally by French mvestigators (2), seemed to 
demonstrate that there is no direct relationship between the pressures in 
the two systems However, Claude and Lamache (2), Block and Oppen 
heimer (3), mam tamed that after an eqmlibnum has been estabhshed as 
m a patient with long standmg hypertension, changes in the pressure of 
one system will be followed by sinular changes in the other From this 
it seemed fair to assume that an artificially produced reduction m the 
spinal flmd pressure might be followed by a fall in the blood pressure 

Previous investigators had made no effort to correlate the appearance 
of the optic disc, the dmical symptoms and the type of hypertension with 
the cerebrospinal flmd pressure Larsson (4) studied the spmal flmd pres 
sure of eleven patients who had choked discs assoaated with nephnbs 

' Read before the American Soaety for CUmcal Investigation Atlantie 
City, May 4, 1931 

* Assisted by a Fund for the Study of Vascular and Renal Diseases 
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He found in all of his cases that papilledema was accompanied b> an in- 
creased intracranial pressure Fishberg and Oppenheimer (5), howe\cr, 
in their recent paper have suggested that the association of papilledema 
with increased cerebrospinal fluid pressure was not so constant as Larsson 
pointed out 

TABLE I 


FiTtdtngs on 22 cases of hypertensive disease that shoieed either edema of the discs or increased 

cerebrospinal fluid pressure* 


Name 

Oiagnosts 

Sj stemic 

Cerebro- 

1 Papil 
ledemat 

Renal 


blood 

spinal fluid 

InsulH 

dccom 



pressure 

pressure 

denej 

pcnsatlon 

i 


mm Bi 

mm of HtC 

) 



G 0 

Hypertension 

208/136 

240 

+ + 

0 

0 

S W ' 

Hypertension 

Ruptured gastnc ulcer 

210/145 

280 

+ + 

0 

0 

R W 

Hypertension 

iisim 

230 

+ + 

0 

0 

E M 

Hypertension 

chronic nephntis (vascular) 

235/130 

310 

+ + 

severe 

sev ere 

E H 

Hypertension 

chronic nephntis (vascular) 

250/150 

300 

+ + 

mild 

mild 

E A 

1 

Hypertension 

chrome nephntis (vascular) 

280/150 

290 

+ + 

severe 

severe 

mild 

B S ' 

1 

Hypertension 

chronic nephntis (vascular) 

215/135 

480 

+ + 

severe 

mild 


D 0 

Hypertension 

215/145 

305 

+ + 

0 

N W 

Hypertension 

Asthma 

210/140 

290 

+ 

0 

mitd 

mild 

D F 

Hypertension 

chronic nephntis (vascular) 

210/105 

290 

' + 

+ 

severe 


B B 

Hypertension j 

242/130 

260 

0 

0 

P L 

Hypertension 

180/140 

220 

+ 

0 

0 

L L 

Hypertension 

220/120 

260 

+ 

0 

mild 

A M 

Hypertension 

230/120 

330 

+ 

0 

0 

N B 

Hypertension 

240/130 

225 

-f 

0 

0 

T L 

C C 

A R 

Hypertension 

Hypertension 

Hypertension 

Edema of brain 

230/120 

215/125 

220/140 

255 

280 

230 

300 

+ 

+ 

0 

+ + 

0 

0 

0 

0 

0 

0 

A 0 

Chronic nephntis 

2101150 

severe 

0 

A C 

J R 

T W 

with edema 

Acute nephntis 

Chronic nephrosis 

Chronic nephntis 

140/105 

158/102 

165/120 

235 

130 

180 

+ + 

+ 

+ + 

mild 

mild 

severe 

0 

0 

mild 


(glomerular) 







* The other 28 cases in this senes are omitted for the sake of bre\aty Al- 
though they were patients with hypertension, they showed neither edema o 

"""++tdt'.e:deTn.trvraon . .o 5 d.optc. (chol .n,) 
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Method of Study 

Fifty patients with well marked hypertensive disease were selected 
We avoided as far as possible cases with advanced cardiac congestive 
failure Blood pressure readings had been made for several days before 
lumbar puncture was done Readings were also made immediately be- 
fore, dunng, and thirty to forty five minutes after the puncture Oc- 
casionally, another determination was made twelve hours later 

The lumbar punctures were made in the lateral recumbent position, 
exercismg considerable care in “levellmg” the patient Water manom- 
eters were used and no readmg was made until the oscillations accom 
panymg the heart beat and respiration were stabilized A reading of 
less than 200 mm was considered normal In those patients with high 
intracranial pressures, care was exercised not to lower this pressure below 
200 mm Cell counts, protein estimations, Wassermann and colloidal 
gold tests were made on all fluids The results were normal Chlorides 
were deterrmned by the method of Whitehorn (10) in a suffiaent number 
to indicate that these 50 were probably all normal 

Careful examination of the eyegrounds was made m every case 
Roentgenograms of the skull were done in 32 cases Renal function was 
detemimed by means of the phthalem test and the determination of the 
blood urea mtrogen 

The results of this study as a whole are outlmed m Table I 
The relation of edema of the optic discs to the cerebrospinal flmd 
pressure is indicated in Table II 


TABLE II 

Iniraspincui pressure and papilledema 


Spinal fluid pr«iiui« 

With popflledema 


NMJmbtr of eaus 

mu 

Normal 

30 

2 

Increased 

20 

1 


Out of 20 cases with mcreased spinal fluid pressure 19 disclosed papil- 
ledema. On the other hand, of the 30 with normal spinal pressures only 
2 had papilledema ’ 

There were 4 cases which showed slight blumng of the discs with no 
filhng of the physiological cup and no venous congestion In all of these 

’ One of these two had the syndrome of nephrosis with early glomerulone- 
phntiB and while under our observation developed papilledema Spinal fluid 
pressure was only 130 mm of water The other had chrome glomerulonephritis 
with choking of both discs but spinal fluid pressure was 180 mm of water This 
patient had a cellulitis in back of his left eye which may have contnbuted to the 
swelling of the nerve head 
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the intracranial pressure ^\as normal These are not classed as true 
papilledema 

TABLE in 

PaptUcderra ard trirasptnous pressure 

Papilledema v.ith no measurable choking 1 case 130 mm 

7 cases 230/300 mm 
1 case 330 mm 

Papilledema \\ith choking of one to fi\e diopters 1 case 180 mm 

6 cases 230/300 mm 
5 cases o\ er 300 mm 

Table III shows some correlation betw'een the degree of papilledema 
and the intracranial pressure The patients wath mild papilledema as a 
rule had low er intracranial pressures than those with a greater degree of 
papilledema 

TABLE i\ 

Renal insufficiency 


Renal function 

1 Increase spinal pressure 


A umber of eases 

COitZ 

fer cent 

Normal 

34 

11 

32 

Depressed 

16 

10 

63 


TABLE I\fl 

the degree of renal impairment 

{ S cases with normal function 
1 case with mild insufTicicncy 
1 case with marked msufTiciency 

{ 3 cases with normal function 
3 cases with mild insufficiency 
5 cases with marked insufficienc> 

In Table lY w e see that papilledema occurred in 32 per cent of patients 
wath normal renal function but in 66 per cent of those with impaired renal 
function Moreover, in Table IVc we see that the degree of renal im- 
pairment IS greater in those cases with more se\ere papilledema In 
^^ew of the work of Fishberg and Oppenheimer (5), Weiss and Ellis (6) 
and others we were not surpnsed at the high incidence of papilledema in 
those patients wnth hypertensive disease who ha\e progressed to renal 
impairment Of particular sigmhcance, howeier, is the fact that 11 
patients wnth normal renal function had papilledema and increased in- 
tracranial pressure 

In Table V we see that headache occurs more frequently in those 
cases which ha\e increased intracranial pressure and this at first suggests 
the pressure as a causativ e factor in the headache But since 40 per cent 


The relation of the degree of papilledema to 
Papilledema 

10 with less than 1 diopter choking 
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TABLE V 

Condalion of spinal fluid pressure wlh headaches 


Sptnal fluid prvt«urc 

Without hatdmcfafci 

WHh headaches 

Normal 1 

Numbtr of cattt. 


P*r ctni 

coja 

Ptr ctni 


30 

HUB 

60 

\ 12 

40 

Increased j 

20 

■■ 

I 20 

1 

16 

80 


of those with normal pressure also had headache, some other factor must 
certainly be present. It is piossibly significant that 8 of the 12 with head 
ache m the group with normal intracramal pressure had very high diastolic 
blood pressures 

Headache was reheved after lumbar puncture m only two cases and m 
three cases severe headaches followed the procedure Cushing and 
Bordley (7) m 1908 reported temporary relief by subtemporal decompres 
Sion of a partial blindness m a patient with chrome nephntis and choked 
discs Larsson (4) showed a definite improvement in visual acmty in 
some of his cases on lumbar drainage. We studied two cases on the services 
of Dr Cushing and Dr O Hare, who had marked dimmubon of visual 
acuity as a result of choked discs Both had headaches and severe hyper- 
tensive vascular disease The vision of one of these patients was reheved 
for about seven months following subtemporal decompression The 
other had relief for a shorter penod but died a few weeks after the de- 
compression from ruptured peptic ulcer It seems that while headache 
may be in part due to mcreased intracramal pressure, lumbar drainage for 
relief of headache is not justified However, it appears from a study of 
Dr Cushing s cases that subtemporal decompression in certam selected 
cases m the hands of a competent surgeon may be justified in the presence 
of advanced visual failure. 

TABLE VI 

Correlation of spinal fluid pressures vnth systolic and diastolic arterial pressures 


Blood pretsum 


Spinal fluid presfure 

Areiaire ^ 

Number systoUc 
abore 220 

1 

Number dlastoUc 
aboTV L30 

Syit^lc 

1 Diastolic 

1 

Stmber 
of cats 

MM. Bt 

MM. He 

cam 1 

per ctni 

com 

per ctni 

Normal 

30 

198 

115 

10 

33 

8 

31 

Increased ^ 

20 

219 

1 135 

1 9 1 

1 

45 

16 

80 


The results shown m Table VI mdicate that the average blood pres 
sure, jiarticularly the diastolic, is greater where spinal fluid pressure is in- 
creased Sixteen out of 20 cases in this group had diastolic pressures 
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o\er 130 mm Hg It is also important to note that S out of 30 in the 
group \\ath normal spinal fluid pressure al'^o had diastolic pressures o\cr 
130 mm Hg We claim no direct causal relation but the frequonc\ of 
high diastolic pressure is of interest Weed and Hughson (S) from their 
\%ork on animals belie\e there is no connection betiseen the two 

A recent expenment by one of us (S A S ) at Lakeside Hospital in 
Cle\ eland is pertinent to this discussion A patient wnth a right femoral 
arteno\enous fistula was studied Occlusion of the fistula produced a 
rapid nse in the blood pressure, both systolic and diastolic Chart I 



The Effect of Rapid Ele\atiox of the St^stemic Blood Pressure on 
THE Spinal Fluid Pressure 

The elevation of the blood pressure is accomplished b> the closure of a 
femoral arteno%enous aneunsm 

shows the result of the studies of the spinal fluid pressures during the 
nse in blood pressure We see here the typical nse in the spinal fluid 
pressure wnth jugular compression but no change during the rapid rise 
in artenal pressure 
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The records of the blood pressure changes during and after reduction 
of spinal fluid pressure show a fall of 15 mm Hg m either systolic or 
diastohc blood pressure m only 9 cases Changes of less than 15 mm may 
be easily accounted for by the relief and relaxation which the patient 
experiences after the needle is in (The blood pressure in a case of men- 
ingitis m coma was followed very carefully as the lumbar region was 
drained The pressure of 140/70 did not vary dunng the lowenng of 
the spinal fluid pressure from 450 mm of water to 25 mm ) 

Roentgenological changes in the skull X-rays of the skull m 32 cases 
were made Eleven of these had mcreased mtracranial pressure as 
measured by the manometer but only 2 showed changes in the skull visible 
m \-ray These signs were idenbcal with those found with high intra- 
cranial pressures accompanying brain tumor 

In this short senes of cases we can throw no light on the mechanism 
involved m the causation of increased mtracranial pressure Chemical 
studies of the flmd were negative throughout, one of two cases which came 
to autopsy showed edema of the bram, a majonty of the increased pres 
Bures were accompamed by high artenal diastolic pressures, and there is 
a group of 7 cases which had neither chronic nephntis as a cause for 
choked disc, nor cardiac compensation with its assoaated increased ve- 
nous pressure (6) (9) 


Summary and conclusions 

1 A study of 50 cases of hypertensive disease showed 21 to have m- 
creased intracramal pressure 

2 Papilledema was almost always associated with increased mtra- 
cranial pressure 

3 Papilledema and mcreased intracramal pressure occur more 
frequently with renal failure but are also found where renal function is 
normal 

4 Headache is more frequent m the presence of mcreased mtracramal 
pressure and papilledema but occurs without either one Our results 
indicate that lumbar dramage for rehef of headache is not justified 

5 Increased intracramal pressure seems more often associated with 
high diastolic blood pressure but we feel that both are probably the re- 
sult of some common factor and neither is caused by the other 

6 The cause of mcreased mtracranial pressure is not accounted for m 
SO per cent of our cases which have neither renal insufficiency nor m 
creased venous pressure 
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THE INFLUENCE OF EXPERIMENTAL THYROID INTOXI- 
CATION ON THE POTASSIUM, SODIUM, AND WATER 
CONTENT OF THE MYOCARDIUM 

By EATON M MacKAY and H C BERGMAN 
(From the Scnppt if etabeHc Clinic, La Jolla Calif) 

(Received for publication December 21 1931) 

Hamson et al (1) analyzed samples of cardiac and skeletal muscle 
obtamed from patients who had died of congestive heart failure and 
found them to be abnormally poor m potassium It is their belief (2, 3) 
that this diminuPon in the potassium content is related to overwork 
and the attendant fatigue The heart in expenmental thyrotoxicosis 
seemed to offer a possible opportumty of exammmg the hypothesis 
m question under controlled conditions In addibon, the effect of 
thyroid intoxication on the potassium content of the greatly enlarged 
heart has an mterest of its own 

Thirty SIX male albmo rats 140 days old and 14 rats 100 days old 
were divided mto two groups on the basis of body weight For two 
weeks they all received a special diet described elsewhere (4) In 
addition the diet of one group had 0 2 per cent of desiccated thyroid 
(Wilson Laboratones) mtimately mixed with it. At the end of the 
penod the rats were ethenzed and the heart removed, freed of adherent 
blood by blotting on filter paper, weighed on an analytical balance, 
and preserved for analysis The water content of the tissue was de- 
termmed by drying to constant weight at 80° C m vacuo The residue 
was then ashed with the aid of nitnc acid and heat. Either sodium or 
potassium was determined on the ash, the small quantity of sample 
precluding both detemunations upon a single heart For sodium the 
modification of the uranyl zmc acetate method descnbed by Butler 
and Tuthill (5) was used and for potassium the volumetnc modification 
of the chloroplatmate method descnbed by Shohl and Bennett (6) 
The potassium content was determined m the hearts of IS animals of 
each group and the sodium content measured m those of the remmnder 
The results have been tabulated in Table i The admimstration 
of thyroid substance, although producing the usual marked increase 
in the weight of the heart, was without demonstrable effect upon the 
water potasaum or sodium content of the myocardium 

The data tabulated here give no support to the idea that overwork 
or fatigue causes a dimmubon m the potassium content of cardiac 
muscle insofar as the effect of thyroid substance is concerned They 
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cannot, however, be interpreted as directly opposing this hypothesis 
proposed by Hamson (2,3 ), for there is some doubt (7) that heart 
failure ever occurs m goiter with hyperthyroidism as its sole cause 
If this IS true our assumption that thyroid intoxication produces over- 
work and fatigue of the myocardium may be mcorrect 

The constancy in the potassium content of the heart muscle before 
and following thyroxinization is very mterestmg It would appear 
to mdicate that the mcrease m heart weight is a simple hypertrophy, 
the tissue having essentially the same composition after the remarkable 
weight increase as before the administration of thyroid matenal 

SUMMARY 

The increase in heart weight which ensues when active thyroid 
matenal is admimstered to the albino rat is without demonstrable 
effect upon the potassium, sodium or water content of the myocardium 
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THE EXCRETION OF XYLOSE AS AN INDEX OF DAMAGED 
RENAL FUNCTION 


By ELLA H FISHBERG AMD LOUIS FRIEDFELD 
(From Iht Ckemical Laboratory of Beth Israel Hospital, Nea Yori) 

(Rtctived for publication December 23 1931) 


The constancy of the rate of excretion of xylose by normal subjects 
suggested the possibility of its use as a delicate indicator of damage 
to renal function Without entering into the controversy as to the 
fate of the sugar not accounted for m the unne, it may be stated that 
the uniformity of the amount excreted in unit time by normal persons 
followmg ingestion of a defimte quantity of xylose under conditions 
of fixed fluid intake makes the relative values obtained m patients 
manifesting impaired kidney function of particular theoretical and 
chmeal significance The present availability of xylose due to its 
recently established low cost renders its use for this purpose feasible 
Five grams of punfied recrystallized xylose were injected intrave 
nously mto a normal subject weighing 75 kilos The unne was collected 
by catheter m one minute samples for the first thirteen minutes, and 
was then voided at intervals of two, four and sixteen hours It can 
be seen from Table I that the excretion of xylose starts one minute 

TABLE I 


Unne by catheter after injection of 5 iranu xylose in a normal subject 


Time 

Volume 

Per cent 

XtIom 

Averuxe output 
per minute 


cc. 


trenu 

grams 

1 

06 

00 

00 


2 

1,8 

0 05 

0 0008 


3 

38 

0 1 

0 004 


4 

1 4 

04 

0 006 


s 

1,5 

04 

0 005 


6 

34 

OJ 

0 010 


7 

1 2 

0^ 

0 006 


8 

1 6 

OJ 

0 006 


9 

20 

04 

0 008 


10 

10 

08 

0 008 


11 

1,2 

07 

0 008 


12 

1 6 

OJ 

0 008 


13 

34 

0,27 

0 008 


14-120 

65 

08 

05 

0 0047 

120-240 

240 

014 

03 

0 0025 

240-960 

1500 

03 

45 

0 0006 


Reduang substance determined by method of Hagedom and Jensen ($) 
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after injection, to n=c wnthm the next three minutes to the rate of 
10 mem per minute dunng the sixth minute and then fall to S mgm 
per minute for the next 7 minutes Up to the second hour the rate 
a\ crapes 4 7 mgm per minute, 2 5 dunng the next two hours and 0 6 
mgm for the next twehe hours Approximately 25 per cent of the 
amount injected can be accounted for in the first sixteen hours After 
fi\e minutes we ma\ assume that the entire amount is circulating in 
the blood stream because the blood \olume calculated on this basis, 
5 75 liters for a man weighing 75 kilos agrees well with that determined 
b\ the Congo red method, 5 48 liters This method of determining 
blood volume may prove of some clinical use 

It was found by one of the authors (1) that xylose injected into the 
marginal vein of a rabbit disappears at a rate proportional to the con- 
centration of the nonfermentable reducing substance present in the 
blood at any moment or that 

dC_ _ 

dt 

where C is the concentration of nonfermentable reducing substance 
in the blood as determined by the method of Somogyi (2) On inte- 
gration we get C = Ae~^^ where a is a constant dependent on the unit 
of time employed and A must be equal to the initial value wlicn t is 0 
This IS the equation governing the velocity of a monomolccular chemical 
reaction It is thus possible to determine the concentration of the 
nonfermentable reducing substance in the blood at any time when its 
concentration at any particular moment is knowm, since the logarithm 


TABLE II 


Disappearance of nonfermentable reducing substance from blood after injection of xjlose in a 

normal subject 

Nonfermentable 

redudng Bubstance . ... 

Time In blood a 4 6 X 10 

mpn per cent 

0 28 

2 54 

5 115 118 

60 89 117 

120 71 123 

ISO 56 126 

240 40 4 119 

of the concentration of the foreign sugar is proportional to the time 
after injection Using any two values of C we can eliminate o and 
get a numencal \alue for A Thus from Table II 

9l _ 

Cl S9 

a{h—ti) - log, 1 29 
a = 0046 
A = 123 
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The constancy of X, as seen in Table II, is then proof both of the con 
stancy of o and the correctness of form of the equation used On plotting 
the values found as percentages of the imbal value on semiloganthtmc 
paper it is found that a straight Ime is obtained (Figure 1) 



Fig 1 Disappearance of Nonfebusntable Reducing Substance 
FROM Blood 

After the ingestion of 50 grams of xylose on limited fluid intake 
and a fasting stomach we found that the blood nonfermentable reduang 
substance rose to a maximum of approximately 80 within three hours 
to return to a value of 40 or below within five hours The return to 
the ongmal fashng figure is of necessity slow because of the loganthmic 
nature of the function governing the disappearance of the xylose from 
the blood 25 db 5 per cent of the xylose is excreted withm twenty four 
hours with the majonty of normal findings tendmg to group around 12 
to 13 grams The normal ladney has the power of concentrating xylose 
to 2 S per cent withm two hours, a point of paramount importance in 
distinguishing damage to renal function It can be seen from Figure 3 
that the normal kidney excretes 25 per cent of the amount given irrespec- 
tive of the amount of fluid mgested, since the same quantity was excreted 
withm 24 hours m 554 cc. of unne as m 3450 cc The balance was so 
finely adjusted that the excretion m grams per hour was fairly constant 
whatever the amount of flmd given 

Ten mgm of uranium acetate were injected into a rabbit and the 
following monung the animal was given 10 grams of xylose by mouth 
As can be seen from Figure 4, withm five hours the added nonfermentable 
reducmg substance had disappeared from the control rabbit, while the 
animal treated with uranium retained a high concentration of xylose in 
the blood for many hours afterward An animal treated with phosphorus 
m which the ingestion of 10 grams of galactose produced a prolonged 
galactose hyperglycemia, was given 10 grams of xylose by mouth The 
curve of nonfermentable reduang substance m the blood showed no 
33 
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doNiaiion from the control At autop‘;> the animal showed definite 
hepatic in]ur>', so it would seem as if damage to Ii\er function docs not 
impair the elimination of xylose 

From a stud> of Figure 2 it is c\ident that in patients manifesting 
kidne\ lesions the blood curve of nonfermentable reducing substance, 
instead of approaching the normal fasting \alue after five hours, contin- 
ues upward, so that \alucs of 100 mgm per cent or more arc encountered 
In cases of uremia accompanied b\ votniting where some of the \jlosc 



Fig 2 Ingestion of 50 Grams of Xylose bt Normal Subject and n\ 

NErnpiTic Patient 

The curv es indicate the concentration of nonfermentable reducing substance 
in the blood, the bars indicate the percentage concentrauon of reduang sub- 
stance in the urine- 
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IS lost by the vomiting, it can be seen from Figure 5 that the curve mam- 
tams the charactenstic shape of poor renal function, though the absolute 
values reached are never as high This graph is made from data taken 
from a case where we were able to recover 22 grams of xylose from the 
vomitus For purposes of comparison, a normal subject was given 25 
grams of xylose by mouth It can be seen that the patient with kidney 



Fig 3 Ikgestion of SO Grams Xylose in Normal Subject on Diet with 
Varying Amount op Fluid 

The curves indicate the percentage concentration of reduang substance in 
the unne the bars show the output of reducing substance in the unne in grams 
per hour For purposes of comparison the broLen line curve indicates the 
percentage concentration of reducing substance in the unne of a case of diabetes 
insipidus 


damage shows an entirely different curve It will be observed m Figure 6 
that m a case of acute nephntis which was studied over a penod of four 
months the nonfermentable reducmg substance curve of the blood grad- 
ually turns down as recovery proceeds, to reach the normal form when 
kidney function returns to normal This charactenstic shape of the 
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curve 1'; of special \aluc m incontinent patients vvlicrc the phcnolsulfon* 
phthalcin elimination or the urea clearance cannot be obtained 

It has become apparent of recent \ ears that the fundamental manifes- 
tation of impairment of renal function is the diminution in the abilit> of 
the kidnev to eliminate the unnarj’’ constituents in high concentration 
This is \er> delicately exemplified in the case of xj lose where the normal 



Fig 4 Ingestion of 10 Grams of Nonfermentable Sugar in Rabbit 

( ) indicates the nonfermentable reduang substance in the blood of 

a normal rabbit after ingestion of x\losc, which does not essentiallj deviate 
from that of a rabbit in w hich experimental acute li\ er damage has been caused 

b> phosphorus ( ) The solid line indicates the curve of the latter 

animal on ingestion of galactose ( ) indicates the concentration of 

the nonfermentable reducing substance in the blood of an animal manifesting 
expenmental acute kidnc> damage caused bv uranium 
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person concentrates to 2 5 per cent or more withm two hours after inges 
tion of SO grams on limited flmd mtake It la evident from Figure 2 
that the subject with damaged kidney function cannot concentrate to this 
extent In cases of severe impairment of renal function the concentrating 
power of the kidney is almost entirely gone, a quantitative Benedict 
reaction earned out on the unne two hours after ingestion of the xylose 
shows a concentration of nonfermentable reduang substance of 0 1 — 0 2 
per cent instead of at least twelve times as much in mdividuals with 
healthy kidneys It can be calculated from Figure 2 that the normal 



Fig S Ingestion of SO Grams of Xylose by Patient Showing Masked 
Kidney Damage ( ) 

Same patient after vomiting 22 grams ( — — — ) Control normal 
subject, alter ingestion of 28 grams xylose ( ) 
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kidne\ has the power of concentrating \wlo=e from thirty to si\t> times 
while the unne elaborated b> the damaged kidnc\ shows a concentration 
of xwlose which is practicalK equal to that in the blood This loss in 
concentrating abiht> is seemingly correlated wnth a diminution of the 



Fig 6 Ingestion of 50 Grams of Xylose at Successive Intervals bv a 
Patient Recov-ering from Acute Nephritis 
The return of kidnev function is show'n b} the change in the form of the 
cur\ e of the nonfcrmentable reduang substance in the blood on those successiv c 
dates 


number of functioning renal units (a renal unit is a glomerulus with its 
appertaining tubule), but further investigation is necessary to determine 
in how far this relation can be said to be quantitative, i e , that the inter- 
mediate values between the two extremes mentioned above are propor- 
tional to the extent of kidney tissue damage 
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The damaged kidney is not alone unable to concentrate the xylose, 
but if the amount excreted in twenty-four hours is detenmned, it is 
found that this is radically decreased, so that in severe cases of renal 
disease excretion of one gram or even less is encountered It is seen that 
the amount excreted by the normal kidney is a constant independent of 
the amount of water ingested, so that extrarenal factors may not be of 
such paramount importance in governing the amount excreted as is the 
case in other kidney function tests, and the amount of xylose excreted 
may more closely measure the exact functional permeability of the kidney 
membrane. 

Figure 7 shows a case of acute nephntis in a young girl, which was 
studied over a penod of four months The comparative renal function 
tests are represented It is seen that the ability to concentrate xylose 
IS early and severely impaired, as is the urea clearance The amount of 
xylose excreted dunng 24 hours is also low The excretion of phenol- 
sulfonphthalein is not so low This may be an early sign of recovery, 
smce phthalem excretion of the improving patient shows a definite nse 
sooner, and thereafter rises very qmckly toward normal In the recovery 
phase It 18 found in accordance with the work of Peters and Van Slyke (3) 
that the urea clearance lags behind, so that it is only 50 per cent at a time 
when the phenolsulfonphthalein excretion is 75 per cent, the xylose con- 
centration IS nearly 3 per cent and the patient is able to excrete 11 grams 
of the fifty grams of xylose ingested 

In Table III the disposition of the xylose m the blood and urme of 
patients manifestmg vanous types of kidney lesions can be seen 

In the case of J A the ability to concentrate to 2 6 per cent within 
2 hours and the excretion of 10 81 grams of xylose withm 24 hours, as well 
as the normal xylose curve m the blood, showed intact kidney function 
At autopsy, the only kidney lesions found were those of chronic passive 
congestion However, m this case, owing to sluggish circulation, the 
phenolsulfonphthalein excrebon was defimtely lowered, as was the urea 
clearance The specific gravity test was on the border Ime In the case 
of R A , with valvular cardiac disease, kidney function was intact, as 
the xylose excretion was 12 24 grams per day and the concentration 3 3 
per cent withm 2 hours All the other kidney funcbon tests were in ac- 
cord with this view 

In a case of diabetes insipidus we found that the pabent excreted 
xylose very quickly, so that if the curve of the concentrabon of xylose in 
the unne is compared with those of a normal pabent excrebng approx- 
imately the same volume of unne (see Figure 3) it is seen that the curves 
are enbrely dissimilar Whether this is charactensbc of diabetes in- 
sipidus cannot be detenmned from the one case at our disposal 

In cases of diabetes mellitus it is of course necessary to employ yeast 
fermentabon of the urme to destroy the fermentable reduang substance 
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\\ hen this 1 C done it is found that these subjects hn\c a normal abiht> to 
excrete \\locc as lone: as kidncx function is intact It is of interest that 
Ebstein (4), working on the mctalxilism of the pentose suctars, reports the 
case of a diabetic patient \\ho v.as Rixcn 25 grams of w lose b% mouth and 
after nine da\s v,as still excreting nonfcrmentablc reducing substance m 
the unne He cites this as a proof of some disturbance m tlic tolerance 
of pentose sugars in diabetics In the protocol it is recorded that the 
patient shows a large quantity of albumin in the unne and \\t ma> there- 
fore assume that the subject was retaining the xjlosc because of some 
damage to the kidney 

Since nonfcrmentablc reducing substance appears in the unne of 
cathetenzed patients with normal kidnejs one minute after injection of 
xjlosc intra\enousl> , this pentose may find some application in surgical 
conditions where a quick deasion as to the functional integrity of one or 
the other kidnej' is often of xntal importance 


SUMMARY 

The excretion of xylose is used as an index of renal function On in- 
gestion of 50 grams of xylose with limited fluid intake the intact kidney 
is able to concentrate the xylose to 2 5 per cent wnthin 2 hours and ex- 
cretes 25 per cent of the total given within 24 hours Damaged renal 
function is manifested by concentrations as low as 0 1 per cent and total 
excretions as low as 1 gram The curve of nonfcrmentablc reducing 
substance in the blood approaches its normal value after 5 hours with 
intact kidnev function, while m patients wath impaired renal function 
the cune of the nonfcrmentablc reducing substance continues upward 
so that x'alues of 100 mgm per 100 cc and more are encountered Tlic 
{xissibility of the use of x>'lose for the determination of blood xolumc and 
in the quick diagnosis of the functional inlcgrit> of single kidneys for 
surgical purposes is also indicated 
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HYPOGLYCEMIC REACTIONS FOLLOWING GLUCOSE 
INGESTION 

By WALTER S McCLELLAN and H S HALCRO WARDLAW* 

{From the RusseU Saje InslituU of Patholofy tn affituitum mlh the Second Medical {Cornell) 
Dmsum BeUeoue Hospital New York) 

(Received for publication January 9 1932) 

The blood sugar m normal individuals is maintained at a relatively 
constant level from day to day The sugar is being contmually drained 
from the blood stream for storage or oxidation in the tissues and is con- 
stantly being supphed to it from the liver After taking carbohydrate 
food the blood m the portal vein is ennehed with glucose and the liver 
storehouses are replenished The blood in the systemic circulation has a 
greater amount of sugar for a short time after the meal than is found m the 
fastmg condition When insuhn is given an mcrease both m the storage 
of glycogen m the liver and in the oxidation of glucose has been noted but 
the exact r61e pla>ed by insulin in performing these functions is still ob- 
scure Conditions which may affect the level of the blood sugar mclude 
disturbances m the liver which may affect storage in and release of sugar 
from this organ and changes in the amount or quality of the internal secre- 
tion of the pancreas — insulm 

There is some variation m the normal level of the blood sugar depend- 
mg on the method used Most observers consider blood sugar readings 
between 80 and 120 mgm per 100 cc. of blood as normal Some would 
place the normal range between 85 and 115 mgm In this discussion any 
blood sugar readmg below 80 mgm is taken as evidence of hypoglycemia. 
In a recent review of blood sugar methods Folm and Svedberg (1) pointed 
out that if plasma is used for the determination of the blood sugar instead 
of whole blood the discrepanaes noted by many observers between the 
amount of fermentable sugar and the amount of reduemg substances in 
the blood will disappear 

Many conditions have been reported where hypoglycemia was found 
either with or without symptoms and a brief review of some of these 
reports may be of mterest 

1 Fasting Gnffith (2) found levels between 28 and 54 mgm in 9 
children who wrere havmg convulsions which could be relieved temporarily 
by glucose mgesbon Some of these children were vomibng and some 
had infecbons but all were taking very little nounshment He considered 
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the pos=ibiIit\ that the mu'^cular contraction"; during the con^ ul’^ionc 
ina\ ha\ e been m part responsible for depleting the blood sugar Jo<;ephs 
(3) reported 10 children who had fasting blood sugars between 36 and 
60 mgm and he discussed fasting, infections, and constitutional factors 
as possible cau-^es Talbot, Shaw, and iMonartv (4) in epileptic children 
who fasted noted that the blood sugar usually fell below 50 mgm 
sometime between the 3rd and the 6th da>s of the fast period Thej 
found that s> mptoms of a hj poglj cemic nature w ere more common if the 
fluid intake was inadequate and that the younger the child the greater 
the fall of the blood sugar as a result of fasting Ashe, Moscnthal and 
Ginsberg (5) in a man wnth chronic nephntis who w'as having muscular 
twitchmgs and vomiting noted a blood sugar as low as 30 mgm They 
did not feel that the twatchings which were present at this time were due 
to the h\poglycemia alone for they were present w'hen the blood sugar 
was raised to 750 mgm by the injection of glucose 

2 Physical exhaustion The prolonged demand for glucose in con- 
tinued muscular actniU’' may lead to depletion of sugar in the body 
Levine, Gordon et al (6, 7) classified the condition of runners in a Mara- 
thon race on the basis of the sugar in the blood at the end of the race 
They found that the men w'ho show'ed the most exhaustion had blood 
sugars below^ 50 mgm , those w'ho finished in fair condition were betw'een 
60 and 70 mgm and those who w'ere in the best condition were above 
80 mgm Winans (8) studied a patient with a fasting sugar between 
70 and 80 mgm who after an hour of exercise was exhausted and had a 
blood sugar of 68 mgm Comment has been made in the preceding sec- 
tion on the influence of con\'ulsions on the blood sugar Nervous ex- 
haustion also mav play its part as pointed out by Hovie and Lisherness 
(9), W'ho found that 95 subjects out of 307 reported had fasting blood sugar 
lex els below' 70 mgm They point out that most of these patients showed 
symptoms of oxerw'ork, debilitating disease, or worry 

3 Lenv renal threshold for glucose In patients with renal glycosuria a 
moderate depression of the blood sugar is sometimes found Fischlcr 
and Ottensooser (10) observ'ed symptoms in phlonzinized dogs w’hich 
were similar to those seen after injections of insulin 

4 Diseases of the liver The removal of the liver in animals is followed 
b> a sharp fall in the blood sugar (Mann and Magath, 11) Hypo- 
glycemia has been reported in patients whose luer has been severely 
damaged by h>drazin, chloroform, phosphorus or w'hite snake root 
Cross and Blackford (12) found blood sugars of 27 and 35 mgm with 
definite sxmptoms of h>'pogl> cemia in a patient wnth severe toxic hepatitis 
resulting from neosaharsan Nadler and Wolfer (13) noted low blood 
sugars in a patient with pnmarj' lixer cell carcinoma The changes in 
the fixer must be marked to result in hx'poglj cemia for it is not present 
in patients wath cirrhosis of the fixer Wakeman and Morrell (14) noted 
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that the blood sugar of monkeys which had been infected with yellow 
fever fell below normal between 24 and 36 hours before death The level 
of 45 mgm was reached m their ammals without symptoms of hypogly- 
cemic reaction They found also a marked depletion of the glycogen m 
the liver 

5 Oversupply of tnsulm in the body The effect of overdosage of in 
Bulm in produang hypoglycemia is so well recognized at present that it 
needs no special consideration 

A relative accentuation of the effect of insuhn in the body has been 
suggested by Pettersson (15) and by StenstrOm (16) m patients where 
they noted evidence of diminished activity of other glands and blood 
sugars between 25 and SO mgm Further consideration of the interrela 
tion of mtemtil glandular secretions wdl be given in the next section In 
the past four years reports of patients who have had hypoglycemia with 
severe symptoms which were due to tumors of the islets of the pancreas 
have appeared (17, 18, 19, 20, 21) Grav and Feemster (22) reported the 
case of a child whose mother had diabetes and who died when 3 days old, 
with a blood sugar of 67 mgm At autopsy they estimated that the 
pancreas contained approximately 24 times the normal amount of islet 
tissue and that there was some hypertrophy of the medullary cells of the 
adrenals They suggested that the high sugar level in the maternal blood 
imght have been the stimulus which caused the marked development of 
the islets m the pancreas of the infant- 

6 Endocrine disturbance Holman (23) reported a patient with 
exophthalmic goiter who lapsed into coma 24 hours after a thyroidectomy 
He found a blood sugar of 48 mgm The coma was relieved by glucose 
mtravenously In two other postoperative thyroid patients, the blood 
sugars were 78 and 80 mgm He felt that the manipulation of the gland 
resulted in an excess thyroid secretion which caused a rapid utilization of 
the available carbohydrate with hypoglycemia 

Forges (24) reported blood sugars between 33 and 67 mgm m three 
patients with Addison's disease, Bernstein (25) found the range between 
47 and 84 mgm in four cases and Longcope (26) between 73 and 91 mgm 
in five cases Chapman (27) found only slight elevation m blood sugar 
after SO grams of glucose in a patient with Addison’s disease, which sug 
gested an increased tolerance for carbohydrate in this condition 

In dogs after removal of hypophysis, Houssay and Biasotti (28) found 
that some ammals developed convulsions and coma with the blood sugar 
dropping to 70 mgm and that sugar would relieve the symptoms They 
noted that doses of msulm which produced no effect m controls would 
qmckly kill the hypophysiopnval ammals The tolerance to sugar was 
the same m both groups 

Deficiency of adrenal, pitmtary or ovarian secretion has been sug- 
gested as the cause of the hypoglycemia noted m patients by Laroche, 
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ilic pnc^ibiliU that the muscular contractions dunnc: the convulsions 
mav ha\ c lx>en in part responsible for deplctint: the blood suc:ar Josephs 
(3) reported 10 children who had fastinjj blood sugars between 36 and 
60 mgm and he discussed fasting, infections, and constitutional factors 
as possible causes Talbot, Shaw, and Moriartv (4) in epileptic children 
who fasted noted that the blood sugar usually fell below 50 mgm 
sometime between the 3rd and the 6th da>s of the fast period Thc> 
found that s\ mptoms of a h> poglj ccmic nature w ere more common if the 
fluid intake was inadequate and that the younger the child the greater 
the fall of the blood sugar as a result of fasting Ashe, Mosenthal and 
Ginsberg (5) in a man wnth chronic ncphntis who was havnng muscular 
twitchings and vomiting noted a blood sugar as low as 30 mgm They 
did not feel that the twatclungs which were present at this time were due 
to the hj-poglyccmia alone for they w’ere present w'hen the blood sugar 
was raised to 750 mgm by the injection of glucose 

2 Physical cxhausltojt The prolonged demand for glucose in con- 
tinued muscular activity may lead to depletion of sugar in the body 
Levine, Gordon et al (6, 7) classified the condition of runners in a Mara- 
thon race on the basis of the sugar in the blood at the end of the race 
They found that the men w’ho showed the most exhaustion had blood 
sugars below 50 mgm , those who finished in fair condition were between 
60 and 70 mgm and those who were m the best condition ware above 
80 mgm Winans (8) studied a patient with a fasting sugar between 
70 and 80 mgm w’ho after an hour of exerase was exhausted and had a 
blood sugar of 68 mgm Comment has been made in the preceding sec- 
tion on the influence of convulsions on the blood sugar Nervous ex- 
haustion also may plaj its part as pointed out by Hoxie and Lisherness 
(9), who found that 95 subjects out of 307 reported had fasting blood sugar 
lev'cls below 70 mgm They point out that most of these patients showed 
svTOptoms of overwork, debilitating disease, or worry 

3 Low rcml threshold for glucose In patients with renal glycosuria a 
moderate depression of the blood sugar is sometimes found Fischler 
and Ottensooscr (10) observed symptoms in phlonzimzed dogs which 
were similar to those seen after injections of insulin 

4 Diseases of the liver The removal of the liver in animals is follow ed 
bj a sharp fall in the blood sugar (Mann and Magath, 11) Hypo- 
glvcemia has been reported in patients w’hose liver has been sev'erely 
damaged by h^drazm, chloroform, phosphorus or w’hite snake root 
Cross and Blackford (12) found blood sugars of 27 and 35 mgm with 
definite svTTiptoms of h> poglvcemiain a patient with severe toxic hepatitis 
resulting from neosalvarsan Nadler and Wolfer (13) noted low blood 
sugars in a patient wath primary liver cell carcinoma The changes in 
the liv er must be marked to result in hypoglj cemia for it is not present 
in patients wnth arrhosis of the liver Wakeman and Morrell (14) noted 
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gram of glucose per hlo of body weight with readings between 46 and S3 
mgm John (44) found in a tolerance test with 100 grams of glucose that 
his own blood sugar fell to 45 mgm at the end of three hours and at that 
time he noted extreme hunger Hams (45) studied a patient who felt 
weak and hungry every day before lunch time and found a blood sugar 
of 65 mgm In a tolerance test following 100 grams of glucose the blood 
sugar was 67 mgm three hours after the meal Then one hour later on 
the way home, this patient became so faint and weak that he could hardly 
walk He was very hungry and his symptoms were entirely relieved 
after taking a meal Wmans (8) reported a patient who had fastmg blood 
sugars between 70 and 80 and who felt worse in the afternoon about three 
hours after lunch when the blood sugar was found to be 59 mgm 

After fructose Mever (46) noted m eleven patients that the level of 
the blood sugar was from 0 to 22 mgm below the fastmg levels He 
associated this with a labile vegetative nervous system and after givmg 
atropine to the same patients he found a rise of the blood sugar followmg 
the mgestion of fructose Cathcart and Markowitz (47) after the mges 
tion of SO grams of dihydroxyacetone found blood sugars between 50 
and 78 mgm which were assoaated with flushing, restlessness, and mus- 
cular tremors McClellan, Biasotti, and Hannon (48) after the same 
amount of dihydroxyacetone found similar depressions m the blood 
sugar but noted no symptoms 

CASE mSTORT 

In the patient to be reported we noted on three separate occasions, following 
the ingestion of 100 grams of glucose, symptoms which were similar to those 
observed in patients who have had an overdose of insuhn On one occasion 
the blood sugar taken at this time was 40 6 mgm 

The patient F R was admitted to Bellevue Hospital December 4, 
1930, complaining of swelhng of the legs and feet This had been present 
about two weeks He was 37 years of age, German by birth, and a cook by 
occupation The past history and family history gave no information which 
could be related to his present condition The patient had been out of work 
for about three months He had been Imng entirely on soup and vegetables 
with no meat except an occasional piece of smoked ham Two weeks previous 
to admission he noted that both feet and legs were swollen and that there was 
occasional itching and bummg of the feet The swelling decreased only slightly 
after a mght s rest in bed There had been numerous bhsters on his feet and 
when he removed his shoes to ease the discomfort it reqmred two to three 
hours for the swelling to recede sufBaently to allow him to put on his shoes 
again There were no symptoms particularly referable to either heart or 
kidney 

On admission the physical examination showed an adult, white male who 
was not acutely ill There was marked pitting edema of both feet and ankles 
and in the left leg this extended almost to the knee There was no evidence of 
phlebitis There were no ulcerated areas on the feet at this time. 

The condition was considered one of nutritional edema and he was admitted 
to the metabolism ward for special observationa 
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Lo'ourd\ and Bu^carc (29). Pettcrsfon (15), Stcnstrom (16), Wilder (30), 
Oppcnhcsmer (il) and Pnbram (32) Experimental c\idence has been 
presented b\ Blotncr and Fitz (33) to sho\\ that injections of pittiitnn 
and adrenalin \\'ill prevent the usual fall in blood sugar when injected v\ith 
insulin Also injections of adrenalin and pituitrin relieve svmptoms 
which are associated with hvpogljccmia Cammidge (34, 35) reported 
hvpoglvcemia of 70 mgm or less in 200 patients He suggested that 
patients with low kidnev threshold for glucose and with low blood calcium 
mav bo suffering from hypoparathv roidism 

The sugar level in the blood appears to be the result of a balance 
between the internal secretions of the thyroid, pituitary', and adrenal 
glands on one side and of the islets of the pancreas on the other 

7 Miscellaneous conditions Hypoglycemia has been noted in pro- 
gressive muscular dy'strophy , in scleroderma (26), and m a small series of 
15 patients w’lth bronchial asthma where the blood sugar varied between 
68 and SO mgm (36) The influence of changes in the nervous system in 
producing hy pogly'cemia has been considered by Hoxie and Lisherness 
(9) and by' Pemberton (37) Schmidt (38) obtained blood sugar readings 
between 28 and 75 mgm m 12 out of 33 patients tested one hour or less 
before death At autopsy these patients showfed no striking pathological 
lesions which have been identified w'lth the production of hypoglycemia 
The role of infection as a possible cause has been presented by Pribram 
(32) and by Cammidge (35) 

S The ingestion of carbohydrate It seems paradoxical to consider the 
influence of carbohydrate, which is recognized as the best means of re- 
lieving the symptoms related to hypoglycemia, among the causes of 
hypoglycemia It has been noted, however, by' a number of observers 
Fohn and Berglund (39) found that after gmng 100 grams of glucose the 
blood sugar rose at first but later it fell belowr the fasting level with ranges 
between 54 and 95 mgm between tw'o and four hours after the meal 
Hamman and Hirschman (40) showed that repeated tolerance tests re- 
sulted in smaller elev ations of the blood sugar, and they' point out that 
the ev idence of an increased tolerance for carbohy'drate is present w'hen 
there is only' a slight nse after the glucose meal In this group they noted 
a greater tendency toward hy'pogly'cemia after the meal In a patient 
wnth renal gly cosuna Gibson and Larimer (41) found a fasting blood sugar 
of 58 mgm and after 50 grams of glucose the level was at 40 mgm three 
and one half hours later and the patient had mild sy'mptoms Then they 
gav e another 50 grams of glucose and three and one half hours later it was 
58 mgm and slight sy mptoms were noted again In three patients with 
fasting blood sugars between 100 and 105 mgm , Foster (42) found the 
lev el betw cen 61 and 81 mgm two hours after giv'ing 100 grams of glucose 
Stcnstrom (43) noted in four patients wnth fasting blood sugars betwe-en 
76 and 95 mgm hypoglycemia about two hours after they' had taken 1 



WALTER S MCCLELLAN AND H S HALCRO WARDLAW 


517 


gram of glucose per kilo of body weight with readings between 46 and S3 
mgm John (44) found in a tolerance test with 100 grams of glucose that 
his own blood sugar fell to 45 mgm at the end of three hours and at that 
time he noted extreme hunger Hams (45) studied a patient who felt 
weak and hungry every day before lunch time and found a blood sugar 
of 65 mgm In a tolerance test following 100 grams of glucose the blood 
sugar was 67 mgm three hours after the meal Then one hour later on 
the way home, this patient became so faint and weak that he could hardly 
walk He was very hungry and his symptoms were entirely relieved 
after taking a meal Wnans (8) reported a patient who had fastmg blood 
sugars between 70 and 80 and who felt worse in the afternoon about three 
hours after lunch when the blood sugar was found to be 59 mgm 

After fructose Meyer (46) noted m eleven patients that the level of 
the blood sugar was from 0 to 22 mgm below the fastmg levels He 
assoaated this with a labile vegetative nervous system and after givmg 
atropine to the same patients he found a nse of the blood sugar followmg 
the mgesbon of fructose Cathcart and Markowitz (47) after the inges 
tion of 50 grams of dihydroxyacetone found blood sugars between 50 
and 78 mgm which were associated with flushing, restlessness, and mus- 
cular tremors McClellan, Biasotti, and Hannon (48) after the same 
amoimt of dihydroxyacetone found similar depressions in the blood 
sugar but noted no symptoms 

CASB HISTOSy 

In the patient to be reported we noted on three separate occasions, following 
the ingestion of 100 grams of glucose, symptoms which were similar to those 
observed in patients who have had an overdose of insuhn On one occasion 
the blood sugar taken at this time was 40 6 mgm 

The patient, F R , was admitted to Bellevue Hospital December 4, 
1930, complaining of swelling of the legs and feet This had been present 
about two weeks He was 37 years of age, German by birth, and a cook by 
occupation The past history and family history gave no information which 
could be related to his present condition The patient had been out of work 
for about three months He had been living entirely on soup and vegetables 
with no meat except an occasional piece of smoked ham Two weeks previous 
to admission he noted that both feet and legs were swollen and that there was 
occasional itching and burmng of the feet. The swelling decreased only slightly 
after a mght’s rest m bed There had been numerous blisters on his feet and 
when he removed his shoes to ease the discomfort it reqmred two to three 
hours for the swelling to recede sulEaently to allow him to put on his shoes 
again There were no symptoms particularly referable to either heart or 
kidney 

On admission the physical examination showed an adult, white male who 
was not acutely lU There was marked pitting edema of both feet and ankles 
and in the left leg this extended almost to the knee There was no evidence of 
phlebitis There were no ulcerated areas on the feet at this time 

The condition was considered one of nutritional edema and he was admitted 
to the metabolism ward for speaal observations 
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The hbD"it 0 '\ d-in «;ho\\cd that hie unne ^\ae normal and hie blood 
Waeec'mann ncp:nti\c The findinps for his blood chcmistr\ on December 11, 
10 10 arc p'ceented in Table 1 

TMILE I 


The Ih'd che-^ stn /nJinjrr of F R on Decerrhrr It, 1930, one veeh after admission to the 

hospital 


N'onprotcin nitrogen 
RIood sugar 
Blood chlorides 
Blood phosphorus 
Blood calaum 
CO, combining power 
Total scrum protein 
Albumin protein 
Globulin protein 


45 0 mgm per 100 cc 
SI 0 mgm per 100 cc 
4S0 mgm per 100 cc 

5 0 mgm per 100 cc 
12 4 mgm per 100 cc 
57 6 aolumes per cent 

6 28 grams per 100 cc 
3 53 grams per 100 cc 
2 75 grams per 100 cc 


In the ward he was placed on a diet of 3000 calorics and his edema entirely 
disappeared at the end of 48 hours He was observed for a penod of two 
months with diets containing both large and small amounts of carbohydrate 
Details of the food taken and the analyses of the unne for the penod of obser- 
vation arc presented in Table II 


TABLE II 


Data of food ingested and the analyses of urine given as the average daily findings for each 

period of the observation 


Period 

Num- 

ber 

of 

di) 9 

Weight 

j Food 

Urine 

num 

ber 

Calo- 

ries 

Protein 

Fat 

Carbo- 

hjdratc 

N. 

N» 

Acetone 

bodies 

Aeidltj 

Vot 

ume 


■ 

kgr: 

<aJ<h 

rirj 

framj 

tramz 

1 

fromj i 

trams 

trams 

trams 

CC 

Ot N 

cc 

I 


55 7 

2800 

80 

134 

300 


12 5 


339 

1632 

11 

■n 

56 4 

2976 

79 

133 

344 ' 

mm 

98 


319 

1900 

HI 

11 

56 2 

3000 

80 

133 

350 ! 

12 8 

9 1 


310 

1656 

IV 1 

7 

56 7 

2911 

75 

128 

344 

12 0 

84 


156 

1310 

X' 1 

10 

57 1 

2962 

76 

131 

350 

12 2 

86 


249 

1376 

\I 

9 

57 4 

2922 

78 

237 

90 

12 5 

95 

0 86* 

352 

1484 

\II 

7 

56 6 

2878 

78 

264 

25 

12 5 

11 1 

3 84 

529 

1411 

VIII 

6 

57 5 

2847 

73 

127 

i 

333 

11 7 

84 


224 

1533 


* First day omitted 
t First 2 days of penod 


The speaal studies earned out included observations of his rcspiratorv 
metabolism in the calonmeter following the ingestion of 100 grams of glucose 
In each of the three observations made he developed symptoms about four and 
one-half hours after the ingestion of the glucose, which made it necessary on 
each occasion to terminate the observation It was not until the second 
occurrence of the sy mptoms that their similanty to those following the injection 
of insulin was considered For that reason actual observation of the blood 
•'ugar was made only once, when it was found to be 40 6 mgm 
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The finding of this low level ot blood sugar suggested the possibdity that 
this man might be suffering from a mild degree of hyperfnsuhnism A smgle 
blood sugar time curve was obtained after giving him 100 grams of glucose. 
Mnd symptoms including shght diazmeas, flushing of the face and moisture on 
the skin were noted three and one half hours after giving the glucose when his 
blood sugar was 60 S ragm He left the hospital against our advice on February 
12, 1931, with a diagnosis of alimentary hypennsuhmsm 


DISCUSSION 

A The effect of the tngeslton of glucose on the blood sugar 

As has been pointed out in the review of previous work on this subject, 
the response of the body to the ingestion of glucose depends in a large 
part on the previous diet which the pabent has been receiving The rela 
bvely high levels to which the blood sugar nses in the tolerance test with 
pabents m whom the carbohydrate m the diet has been markedly re 
stncted is well estabhahed by the work of Malmros (49) and others Tol 
stoi (50) found that the Arcbc explorers who had lived on an exclusive 
meat diet for one year showed high levels of the sugar m the blood during 
tolerance teats following 100 grams of glucose 

We have made a few observabons of the blood sugar tolerance curves 
of five subjects, some of whom were receiving high carbohydrate diets 
and others of whom received only 25 grams of carbohydrate per day 
While our senes is not of suffiaent size to warrant stabsbcal considera- 
bon, sbll the curves obtained seem worth reporting After the fasbng 
blood was obtained the men were given 100 grams of glucose m the form 
of 104 grams commeraal glucose, 100 grams orange jmce and 200 cc. of 
water The samples of blood were obtamed at 45, 90, ISO, 210 and 270 
mmutes after the mgesbon of the glucose The analyses of sugar in the 
blood were made m duphcate samples by the modified Hagedom Jensen 
method (51) In a few of the tests the analyses were checked by the 
Fohn Wu method (52) Curves showmg the results of these tolerance 
tests and the composite curve for each group are presented m Chart 1 
There was some scatter m the observabons of the men who had been 
receivmg m their diets large amounts of carbohydrate In two subjects, 
F R and W C , scarcely any elevabon in the blood sugar was noted, 
in the subject E A following a period on a low carbohydrate diet, the 
highest level of the blood sugar was found It should be pomted out 
that thiR subject received only 45 grams of protein m his diet when the 
test was made, while the other two subjects were receiving 90 grams per 
day This may m part account for the higher level observed m this 
subject. Another point of particular mterest was the finding that after 
four and one-half hours foUowmg the mgesbon of glucose the level of the 
blood sugar in all subjects was at almost the same level regardless of 
whether they had been receivmg high or low carbohydrate diets No 
34 
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group when tlic> were receiving only 25 gnnis daily The broken line is the composite curve for each group 





WALTER S MCCLELLAN AND H S HALCRO WASDLAW 


521 


symptoms referable to hypoglyceima were noted m any subject except 
F R , the one whose special observations are bemg presented m this 
paper 

B Rdatum of levd of the blood sugar to the occurrence of symptoms 

Most observers consider that a blood sugar of 80 mgm is the lower 
limit of the normal range Below this point blood sugars rangmg between 
60 and 80 represent a mild hypoglycemia and are usually not associated 
with defimte symptoms When the level is below 60 some symptoms 
are usually expected In our subjects levels below 60 occurred four tunes 
but in only one mstance were any symptoms noted One observation 
of the subject F R , who developed symptoms of hypoglycenuc reaction 
while in the calonmeter, showed at that time a level of 40 6 mgm In 
the subject E A a level of 34 0 mgm was reached in one tolerance test 
without the development of symptoms It would appear from our ob- 
servations that the development of symptoms must be assoaated with 
some other factor than just the level of sugar m the blood alone Inas- 
much as the symptoms are similar to those seen m overactivity of the 
sympathebc nervous system, it seems possible that the development of 
symptoms may be m some way associated with different degrees of sensi 
tivity in this system 


C The respiratory metabolism 

The basal metabolism of the subject F R as determined m the Sage 
calonmeter was 62 calones per hour, which represented 97 per cent of the 
average normal metabolism determined by the Aub-DuBois standards 
(53) The metabolism following the glucose meals which resulted in the 
hypoglycemic reaction descnbed above is presented in Chart 2 In each 
observation the record covers the second, thud, and fourth hours follow 
mg the ingestion of the glucose. The reaction m each case occurred 
early m the fifth hour so that no accurate results were obtained of his 
metabolism at that time The first two observations were made while he 
was receivmg a diet contaimng 80 grams protein, 133 grams fat and 350 
grams carbohydrate The last observation followed a penod when he 
received only 25 grams carbohydrate in his diet His response to the 
mgesbon of glucose under these condibons showed two stnlong differ- 
ences First, a marked nse in the respiratory quobent to nearly 1 00, 
which shows that his energy was being denved almost exclusively from 
carbohydrate in the observabons followmg the high carbohydrate diet 
Second, the absence of any marked nse in the respiratory quobent m the 
observabon following the low carbohydrate diet, which indicates that he 
was usmg only shghtly greater amounts of carbohydrate in this observa 
bon than he did when in basal condibon The hatched porbon at the 
bottom of each column represents the calones denved from the protein 
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mctaboli7cd, the dear portion of the column the calonc^; dcn\cd from 
fat and the \crtica! hmnp tiie portion from carboludrate 

The disposal of the 100 prams of carboludrate in this subject under 
the two conditions studied difTers matenallj In the three hours ob- 
seacd in the first two obsor\ations 42 grams of carbohjdratc werc ac- 

RQ 
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Chart 2 The Respirator\ Metabolism of F R in Basal Cosuitiom 
AND After Glucose Ingestion 

The nature of the pre\T 0 us diet and the excess metabolism is indicated 
The height of the columns shows the total metabolism per hour and the calorics 
resulting from the metabolism of protein arc represented b> the hatched portion 
at the bottom of the column, those from fat b> the clear space and those from 
carbohydrate b\ the xertical lined portion at the top The curves show the 
changes in the level of the respiratory quotient 

tually ONidized while in the last observation only’ 23 grams were metabo- 
lized At no time did we find more than a trace of glucose in his unne 
It appears then that w hen there w as an adequate suppljr of gly cogen in the 
body , the subject actually metabolized a much greater portion of the 
ingested glucose than he did when the glycogen stores were depleted by a 
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CuAr.T 2 Thc Respiratori Metabolism of F R in Basal Condition 
AND Aiter Gllcose Ingestion 

The nature of the prenous diet and the excess metabolism is indicated 
The height of the columns shows the total metabolism per hour and the cnlones 
resulting from the metabolism of protein arc represented bj the hatched portion 
at the bottom of the column, those from fat b\ the clear space and those from 
carbohidrate b> the \ertical lined portion at the top The cunes show the 
changes in the lei el of the respiratorj quotient 

lunlK oxidized while m the last obsenation onl> 23 grams were metabo- 
lized At no time did we find more than a trace of glucose in his unne 
It appears then that when there was an adequate supply of gl> cogen in the 
bodi, the <ubjc-ct actualli metabolized a much greater portion of the 
irgc-sted pluco"^ than he did when the gUcogen stores were depleted b> a 
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THE COPPER AND NON-HEMOGLOBINOUS IRON CONTENTS 
OF THE BLOOD SERUM IN DISEASE * 

By ARTHUR LOCKE E R. MAIN and D 0 ROSBASH 

(From (he Eenry Batni FaviB Lahoraiory of Si Luke s ffospilal and (he Department of 
Chemretry of the Dntverttiy of Chtcazo Chicago) 

(Received for publication January 18, 1932) 

This IS a report of an investigation into the extent to which the copper 
and non hemoglobinous iron levels of the blood serum are shifted in dis- 
ease, and the extent to which the shifted levels may reflect underlying 
disturbances of tissue respiration and metabolism 

The levels of copper and non hemoglobinous iron in the blood serums 
of fasting individuals are determined by balances between the rates at 
which the metals are drawn or excreted from the cells and the rates at 
which they are excreted from the body In the absence of changes m the 
rates at which the metals are excreted from the body, mcreased levels in 
the serum signify decreased levels within the cells, and vice versa 

Increases in the copper content of normally respirmg cells would ap- 
pear to be accompamed by a reduction in the intensity of their metab- 
olism The respiration of the unnpe Arbacta egg decreases progressively 
as the content of copper mcreases Following fertihsmtion, the copper 
content becomes reduced, as the result of the excretion of a "copper- 
avid” substance into the supportmg medium, and the rate of respiration 
nses (1) Additions of copper to cultures of baker's yeast are followed by 
proportionate decreases in the rates of respiration and glucolysis (2) 
Concentrations of copper eqmvalent to those present m human serums 
are not only partially mhibitory to respiration and glucolysis but also to 
proteolysis (3) (4) and hpolysis (5) (6) as encountered in the cells which 
make up mammalian tissue 

Increases m the iron content of hving ceils would appear to be followed 
by an augmentation of metabolism Additions of iron to cultures of the 
anaerobic Cl sporogenes are followed by increases m metabolism of such 
intensity as to lead to the disintegration of the organisms (7) Compara- 
ble additions to cultures of baker's yeast are without effect (2) Aerobic 
cells appear to have a mechanism for holding the iron level within a toler- 
able range, presumably through the removal by oxidation and excretion 
of all but a minimal fraction of the catalytic iron intake Impairment of 
this raechamsm through a restnction of the oxygen intake may, m healthy 

1 Presented before the Central Soaety for Clinical Research, November 20 
1931 
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nntmal? l>c followed b> a tcmpor.in cUmuIntion of metnl)olitni, rcflcrtof 
m an increased rate of production of red hlootl corpu«clc<: and an auc* 
mentation of functional ncti\it\ in general (8) In tumor cclb, when tlm 
oxidation mechanism^ ma\ be dcfcctnc (9). (cnom iron ina\ tend to 
accumulate to a lex el sufTicicntK high to initiate the inerea^xl rate of 
growth, death, and autolx^is which is associated xxith the dcxelopmcnt of 
tumor tissue 

The first determinations of the copper and non-hcmoglobinous iron 
contents of human serum were published b> Warburg and Krebs m 1027 
(10) The analxses were made by a cataKtic method, de\ eloped bv 
Warburg (11), which appears to gixe accurate x allies in the hands of 
persons trained in its use The senes was extended to a total of eight} - 
nine serums by Krebs in 1928 (12), the added analyses being restricted to 
determinations of copper content The serums of ten normal indu iduak 
were examined Separation of the figures reported into xalucs character* 
inng men and values charactenzing women indicates an ax’erage copper 
lex el for the former of 0 82 microgram and for the latter of 0 98 micro- 
gram per cc The ax’erage copper lex el for twelxe persons with pulmo- 
nary tuberculosis w’as 1 55 microgram per cc , for thirteen women in the 
final months of pregnane}', 2 07 Analyses of the serum m other condi- 
tions also were reported, the values being, on the whole, comparable to 
those reported herewnth 

Analyses of w’hole blood for copper haxc been made by Schindel (13), 
using the Schonheimer-Oshima modification (14) of the Spacu-Biaz/o 
method (15), a method which is not practicable for general use because of 
the large amount of sample required The x’alues appear to be high 
They corroborate the distribution of copper between the maternal and 
fetal blood reported by ourselx’es, and the distnbution of copper between 
the plasma and corpuscles reported by Flmn and Inouye (16) Addi- 
tional analyses of human blood for copper haxe been reported by Schon- 
heimer and Oshima (14), Klemmann and Klinke (17), Hcrkel (18), and 
Grendel (19) 

Analyses of the bloods of other species are reported by McHarguc 
(20), the pioneer in the field, and by Warburg and Krebs (10), Abdcr- 
halden and Moller (21), and Grendel (19) The values for the copper 
content of horse serum repiorted by Elx’ehjem, Stecnbock and Hart (22) 
are out of line wath the results obtained by ourseh es and others Their 
method of ashing is possibly not adapted to serum because of the risk of 
volatilizing coppier chlonde 

The X alues reported b} Warburg and IG-ebs for the non-hemoglobi- 
nous iron contents of human serums would, perhaps, haxc been in clo^r 
agreement with those reported herewath had more determinations been 
made The values reported by Riecker (23) (24), using a method similar 
to our owm, are, smgularl} enough, approximately ten times too high 
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The rise of the iron level m untreated pernicious anemia and its correction 
following liver therapy, as observed by Riecker, are confirmed m this 
report, as are his observations of a lowered iron level in anemia secondary 
to hemorrhage. The latter observation has been reported also by Fontte 
and Thivolle (25) 

Values for the iron content of the serums of species other than man 
have been reported by Barkan (26), Starkenstein and Weden (27), 
Warburg and Krebs (10), Hennques and Roche (28), Abderhalden and 
Mbller (21), and Fontfes and Thivolle (25) 

METHODS 

The following procedures permit the determination of the copper and non 
hemoglobinouB Iron contents of ten cc, of fresh blood serum with an accuracy 
of ± ten per cent and with the time, apparatus, and techmc at the disposal of 
the ordinary chnical laboratory 

Ten cc. of the serum to be etarained are measured into a carefully cleansed 
well seasoned 50 cc centrifuge tube. An equal volume of a 20 per cent solution 
of redistilled tnchloracetic aad is added and the well suspended mixture per- 
mitted to stand for 2 hours, with occasional resuspension, before centnfugation 
for 30 minutes at a speed of 1500 rotations per minute Two portions 4 cc 
and 3 cc. of the clear supernatant liquid are transferred to 125 cc. glass 
stoppered Erlenmeyer flasks for copper analysis Two further portions of 3 cc 
and 2 cc are transferred to similar flasks for iron analysis Equivalent volumes 
of 10 per cent tnchloracetic aad are taken lor use as blanks 

Capper analyns Each ahquot is diluted with glass-disulled water, to- 
gether with the blank and, occasionally, a reference control, to a volume of 9 cc 
One drop of 1 per cent phenolphthalan is added, followed by a suffiaent volume 
of a saturated solution of metal free sodium hydroxide to produce a stable red 
color The color is discharged by the addition of an excess of 3 drops of glaaal 
acetic aad Approximately 0 2 cc. of pyndine • are added and 1 cc of a 1 per 
cent solution of Elastman s sodium diethyl dithio carbamate which is free of 
sediment.* The mixtures are permitted to stand for 1 hour, when exactly 2 cc. 
quanDDes of amyl alcohol are added After vigorous shaking, and standing 
for the 2 to 3 minutes required for the separation of the water and alcohol 
layers, the latter are transferred to small test tubes with Pasteur pipettes 
equipped with small rubber suction bulbs In the unusual event that the iron 
content of the sample is greatly in excess of the copper content, the alcohol 
extracts may have a transient brown black tinge which must be allowed to fade 
before making the colorimetric companson with the standards The extracts 
are ordinarily a stable, clear yellow in color The color of the standards 
It developed at the same time and in the same way as that of the unknown 
supernatant It is convement to use standards containing 1 5 to 2 0 micro- 
grams of copper per 2 cc of alcohol extract, and to prepare them from a solution 
of copper sulphate in 0 01 N sulphuric aad which contains S micrograms of 
copper per cc. 

• The pyndine does not enter into the composiUon of the color complex 

> The use of this reagent for the detection and estimation of copper was 
first recommended by Callan and Henderson (29) The procedure for iron 
analysis is adapted from a method proposed by R. P Kennedy (30) 
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/rr’-c'"-/ ir \o n ale* i<; prided The stoppc'^ of the f I'^knrc rcnr,\cd 

1 re o^ Tcdi'^ollcfi ‘..ilphonc aad and 3 drop*; of jve'ludrol arc added and the 
tni\t :tc^ Jept on an coacred hot plate, at a temp'-r atiirc •-iiricicnt to 

n.aintain '0 cc of v..attr m a fimtlar container at a tcnipcraiu-c of 75 to S5' C , 
until incipient charnnp is manifested I)> a distinct %c!!ou or brown color \tion 
in tl c dipcst \ suftiacnl \olumt of a 0 03 N* solution of iron free potis-nuu 
pcrm.anpanatc is added to the partlj cooled digests to accomplish their dccofor- 
iration Not more than 2 to 3 drops should be required \ppro\inntcK 15 cc 
of plass-distillcd w atcr arc added and the hcalinp resumed for 30 minutes The 
contents of the flasks arc cooled, the stoppers replaced, and 2 more drops of 
jicrmanpanatc solution added i:\actK 2 cc of am\l alcohol arc added while 
the permanganate color still persists and arc followed at once b\ the addition of 
10 cc of a 20 per cent solution of iron free potassium thiocaanatc “\fter 
thorough shaking, the flasks are allowed to stand for 2 to 3 minutes The al- 
cohol laaers are remoaed, and the colors compared with those of standards, 
as described in the section on copper analasis The colors of the standards 
should be closclj cquia alcnt to those of the unknow ns wath w hich thc> are to be 
compared and readings should be made rapidlj before apprcaablc fading can 
occur It IS conaenicnt to haac rcadj a senes of standards containing 0 5, 1 5, 
and 2 5 micrograms of iron per 2 cc of alcohol extract, and to prepare them 
from a solution of ferrous ammonium sulphate in 0 01 N sulpiiunc acid which 
contains 5 micrograms of iron per cc The iron standards contain 1 cc of 
sulphunc aad in the 15 cc of their total aolumc but arc not heated and contain 
no perhydrol or tnchloracetic aad 

The colonmctnc compansons ma> be made, wath accuracj, in incxpcnsnc 
6 to 8 \ 75 mm tubes with optically flat bottoms The tubes are co\ercd with 
black paper and the contents compared by looking through at a white porcelain 
surface, well illuminated b\ reflected sunlight The lengths of the liquid col- 
umns arc \ancd with the aid of the Pasteur pipettes used for the isolation of the 
alcohol extracts and the readings made by application of a small straight-edge 
ruler 

The copper and iron blanks should not exceed 0 4 microgram in total 
amount and must be determined with the same care as the metal contents of the 
samples thcmschcs 

The amounts of copper and non-hemoglobinous iron in 1 cc of scrum arc, 
within the limits of error inherent in the method, twice those present in the 
tnchloracetic aad extract used for analysis 

Copper, in amounts apprcaablv in excess of those encountered in human 
scrum, tends to interfere with the redness of the color normally produced by 
feme ion with thiocyanate Iron does not senously interfere with the deter- 
mimtion of copper, by the procedure desenbed, even when present in amounts 
considerably in excess of those found in human strum The presence of a 
trace of hemoglobin in the serum docs not affect the rccoxery of either copper 
or iron 

Nonnals 

Table 1 presents the distribution of copper and non-hcmoglobinous 
iron in the blood serums of a group of hospital employees, apparently’ well 
and acmely engaged in work The blood was obtained in carefully 
cleansed and dried containers before breakfast and kept in the refrigerator 
for three to six hours before separation of the serum by centrifugation 
The analyses were earned out as has been described 
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TABLE I 


The copper and non hemoihbtnoui tron conlenit of Ure Wood scrums oj a proup (jj twenty 
c%ihl ‘ normal adults 


IHttribGtlon 

1 

^ Seram 

Percent , 
of icriun ! 
In blood ' 

Semin ' 

Katto of 
copper 
to Iron 

Copper 

Iron 

Copper 

Ifoa 

Men 

3 

' micrcinmt 

i 

1 o] xtmm 

0 79bt 

wferofrair 
■per tu 

0 ? untm 

1 4S*>* 1 

pa cesf 

47b* 

mkmriims ' 
pa cc, ' 
ofUood 1 

0^7*“* ' 

fsf<TOxn»iu 1 

pa ec. 1 
ofUood 1 

0 68*'* 

05 

Jbt 

1 

81 

1J8'* 1 

43 

.35 

59'* 

6 

1'* 

3 

79 

1 15 

46 

J6 

51 

7 

1 

2 

73 

90 1 

43 

A1 

58 

8 

1 

2 

105^' 

uo*-* 

44*“* 

47*'* 

57'** 

8 

iht 

2 

87 

87 

45 

J9 

59 

10 

1 

1 

108* 

83 

49* 

53* 

41 

1 1-3 

1* 

Women 

2 

79*'* 

141*'* 

SI*"* 

40*’* 

72*'* 

6 

Ibt 

1 

81>* 

104*' 

SO** 

41'* 

52‘* 

8 

1‘* 

3 

95 

92 

52 

49 

48 

1 

1 

2 

106** 

94** 

50** 

53** 

47** 

1 1 

1“ 

3 

90 

77 

54 

49 

42 

15 

1 

3 

Ararages 1 

Men {.(,) i 

90 

62 

57 

51 

55 

15 

1 

0 80±8 1 

lOOilS 1 

45±2 

055 ±4 

, 0 44±7 

0 8*2 

1 

Women (9) 1 

92±3 

77±15 1 

54±3 

50*1 

42±7 

15*2 

1 


a age more than 50 yra , b bilirubtnemia, / faabng jntervaJ more than 12 
hours, h later found to have a high basal inetaboUc rate, 1 later found to have 
a lovf basal metabolic rate, t uot considered in the averages 


The presence of bilirubin was apparent in several of the serums ex 
attuned, through the bluish green color of the products of oxidation ear- 
ned into the tnchloracebc aad preapitates dunng the preparation of the 
samples for analysis These serums appeared to contam more iron than 
serums giving a colorless preapitate with tnchloracetic aad They were 
not consider^ m the computation of the averages 

Others of the group could not be conadered in the averages for the 
reasons indicated m the footnotes appended to Table 1 

The majonty of the men had lower, and more vanable, copper levels, 
and higher iron levels than were found in the majonty of the women 
The women’s blood contamed more serum than the men’s blood The 
differences in the copper levels of the two sexes became accentuated, and 
the differences m the iron levels nummixed, when this factor was taken 
into account. The copper iron ratio charactensbc of the majonty of 
the women was approximately 50 per cent higher than that charactenstic 
of the majonty of the men 
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/rr- 'r '«o v, -^’cr nddcd The ■:topp.'-x of tl c I'c rrmr>\cd, 
1 rr rr' c dp^tne lad md 3 drop-i of i>c'!i\drol ire nddtd ind tie 

r" vt rr^ i epl oi "^n o* co\crcd hot plite, it i tcmj>cnture ^uf.ieient to 

r 1 r iir 50 cc o‘ v. iter in i •^I'nihr contiincr .it i tenipcnturL of 75 to S5 C . 
i "til irnp cm c’ irnnp i*, minifcctcd In i dntinct lellow o' brown colorition 
in tl e dipc'v \ ‘^ufTiatm lolumc of a 0 03 N* solution of iron free potn-uim 
pe'minpimtL n added to the parth cooled diccsts to iccomplnh tliiir decolor- 
irition Not more than 2 to 3 drops should be required \ppro\inintcl> 15 cc 
of pliseKlistilltd w Iter arc added ind the hciunp resumed for 30 minutes The 
contents of the fiisVs arc cooled, the stoppers repheed, and 2 more drops of 
ficrminpanatc solution added Exictl} 2 cc of amil ilcohol are added while 
the permanpanate color still persists and arc followed at once b> the addition of 
10 cc of a 20 per cent solution of iron free potassium thioejanale \ftcr 
thorough shalinp, the flasks arc allowed to stand for 2 to 3 minutes The al- 
cohol laecrs arc remoeed, and the colors compared with those of standards, 
as dc^enbed in the section on copper anal j sis The colors of the standards 
should be closclj equn alcnt to those of the unknow ns with w hich lhc% arc to be 
compared and readings should be made rapidly before appreciable fading can 
occur It is conacnicnt to ha\c rcad> a senes of standards containing 0 5, 1 5, 
and 2 5 micrograms of iron per 2 cc of alcohol extract, and to prepare them 
from a solution of ferrous ammonium sulphate in 0 01 N sulphunc acid which 
contains 5 micrograms of iron per cc The iron standards contain 1 cc of 
sulphunc aad in the IS cc of their total \olume but are not heated and contain 
no pcrhjdrol or tnchloracctic aad 

The colonmctnc compansons may be made, with accuracj, in incxpensnc 
0 to 8 \ 75 mm tubes with optically flat bottoms The tubes are covered with 
black paper and the contents compared by looking through at a white porcckiin 
surface, well illuminated b> reflected sunlight The lengths of the liquid col- 
umns ire V aned with the aid of the Pasteur pipettes used for the isolation of the 
alcohol extracts and the readings made b> application of a small straight-edge 
ruler 

The copper and iron blanks should not exceed 0 4 microgram in total 
amount and must be determined with the same care as the metal contents of the 
samples themselves 

The amounts of copper and non-hcmoglobinous iron in 1 cc of scrum arc, 
within the limits of error inherent in the method, twice those present in the 
tnchloracctic aad extract used for analysis 

Copper, in amounts apprcaablj in excess of those encountered in human 
serum, tends to interfere with the redness of the color normaIl> produced b> 
feme ion with thiocvanate Iron docs not senouslj interfere with the dctcr- 
mimtion of copper, b> the procedure desenbed, even when present in amounts 
considerablv in excess of those found in human scrum The presence of a 
trace of hemoglobin in the scrum docs not affect the recovcr> of cither copper 
or iron 

Normals 

Table 1 presents tlie distribution of copper and non hemoglobinous 
iron in the blood serums of a group of hospital employees, apparently well 
and actixclv engaged in work The blood was obtained in carefully 
cleansed and dned containers before breakfast and kept in the refngerator 
for three to six hours before separation of the serum by centrifugation 
The analyses were earned out as has been desenbed 



ARTHUR LOCKE, K R MAIN, AND D O ROSBASH 


533 


The increased levels accompanying inapient starvation may mirror the 
progressive deplebon, m the cell nutrient, of substances capable of pro- 
tecting the iron-carrying catalysts from oxidation Substances of the 
iron sparing type may be essential constituents of liver and other extracts 
effective for the correction of pemiaous anemia. In vitro, additions of 
liver extract to cultures of C/ welchtt are as effective in stimulabng the 
producbon of hemotoxin as further addibons of ferrous iron (31) Per- 
niaous anemia may be, in part, the end result of a chronic defiaency of 
substances capable of curbmg the wasteful burnmg-out of the catalysts of 
cellular metabolism 

Brugsch and Irger (32) report an apparently quanbtabve relabonship 
between the amounts of iron and bilirubin which are excreted in the tale 
of dogs No parallel, inflexible relabonship appears to exist in the serum 
of man, since we have found mcreased concentrabons of the pigment in 
the serums of several persons with normal or abnormally low iron levels 
Uncomphcated bihrubmeima has been accompanied by a high serum 
iron level without excepbon, as has icterus resulting from cirrhosis of the 
liver 

Conditions tn which the iron content of the serum is decreased, the copper 
content remaining within the normal range 

The non hemoglobmous iron content of the serum is decreased, with- 
out significant accompanying increase or decrease m the copper level, 
in condibons analogous to carbon monoxide poisomng, associated with a 
deplebon in the oxygen carrying power of the blood, and in condibons 
analogous to barbital poisomng, associated with a depression of the rate 
of mbacellular oxidabon 

The rabbits descnbed in Table 3 were, for the most part afflicted with 
parasibc infestabons of the mtesbnal tract and other complicabons which 
prevented the establishment of true rabbit normals It seemed impos- 
sible to purchase animals m perfect health For this reason, emphasis 
IS placed on the per cent change m the copper and iron levels, rather than 
on the absolute values obtamed 

The test bleedmgs of the rabbits were followed by a fairly uniform 
drop of 10 to IS per cent in the hemogiobm level, a parallel drop in the 
non-hemoglobinous iron level (m the absence of comphcabons), and a 
20 to 30 per cent drop m the copper level 

No further drop in the copper level was observed followmg the insb- 
tubon of bi-diumal bleedings or of poisomng with carbon monoxide or 
barbital 

The decreased non levels observed in the serums of the rabbits ex- 
posed to carbon monoxide were due, speafically, to the deplebng effect 
of that gas upon the oxygen-carrving capacity of the blood Conbol 
rabbits, kept m chambers venblated in an idenbcal manner but free of 
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rirlv)n TTinnoMcic f’.ouctl no p-vrallcl change? cveeptmt; for thr tnitnl 
flrop of the rnppc' and iron lc\ch which follow the in'^titution of wcekU 
h’etxI.PfTc Other rabhit‘=, subjected to a depletion in blood owi^en 
ranw mp capacity comparable to that obtained uath the carlxm monoMde, 
but a? the result of bi-diumal hlccdinp=:, responded with comparable 
decrcav;« in the non-hcmoplobinous iron content of their sorum'i 

Tlic metal levels m the instances of socondarv anemia, m man, which 
ha\c come to our attention have been influenced pnncipally bv the 
complications present 

It IS an intcrcstinp commentary' on the faithfulness with which both 
the normal and the diseased organisms tend to maintain a characteristic 

TATILF 3 
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TABLE 3 {conlitiuei) 


Dfr#criptkin 

Semm 

Katlo of 

Copper 

IroD 

to lion 


micrograms 

microgremt 


Women 

per cc. 

f*r 


Normal 

92±3 

77±15 

12±2 1 

Menorrhagia basal 
metabolic rate — 16t 

85 

15 

5 7 1 

Divergence per ctnt 

-io 

-80 

+370 

Pituitary o-vanan 
dysfunction basal 
metabolic rate -f-4 

1 24 


3S I 

Divergence per cent 

+35 

'-50 

+220 

Barbital poisoning 

142 

J9 

36 1 

Divergence per cent 

1 

-50 


Lovs basal metabolic 
rate (—27) of un 
determined ongin 

79 

40 

20 1 

Dnergence per ant 

-15 

-50 

+55 

Hypothyroidism no 
medication basal 
metabolic rate —27 

1 

77 

1 

89 

9 1 

Divergence per cent 

-20 

+15 

-25 

Hypothyroidism receiv 
mg thyroid basal 
metabolic rate —4 

1^0 

90 

16 I 

Divergence per cent 

+60 

+ 15 

+35 

Nephritis -without edema f 

96 

97 

1 0 1 

Nephntis with tendency to edema t 

75 

41 

1 8 1 

Addison s disease cyanosis starvation basal 
metabolic rate —30 

1 61 

70 

12 1 

Polycythemia vera cyanosis basal metabolic 
rate —4 

64 

99 

7 1 


* Average of 3 connstent senes 
f A\ erage of 4 
i Average of 2 


copper iron picture that while differences of more than 100 per cent Mere 
found in the imbal copper and iron levels of the different rabbits used in 
the experiments reported m Table 3, those same differences were again 
established upon recovery from the experiences to which they were 
subjected Recovery was, of course, to the status of rabbits used for 
weekly bleedings and not to the status of unused rabbits 

The decreased serum iron levels observed in the rabbits injected Mith 
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hV-’-dinc'^ OJ.er nbbit' subjected to a depletion in blood ow'cen- 
c-'~r\ ire rap-'cit% romp'>rablc to that obtained wnth the carbon monoxule, 
but the result of fii-diumal blccdinc:':, responded with comparabk 
decrea'M:^; in the non-hemoplobinou'^ iron content of their serums 

The metal leads in the instances of «^ccondara anemia, in man, which 
ha\c come to our attention have been influenced pnncipallj b> the 
complications present 

It IS an intcrestinp: commentar) on the faithfulness with which l>oth 
the normal and the diseased organisms tend to maintain a characteristic 
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TABLE 3 iconttnutd) 



Serum 
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to Ima 


•iferofroNU 

ntferoframt 
p*r cc. 


Women 



Normal 

92 ±3 

77 + 15 

12±2 1 

Menorrhagia baeal 




metabolic rate ~16t 

85 

IS 

5 7 1 

Divergence percent 

-10 

-so 

+370 

Pituitary o\arian 
dyBfunction baaal 




metabolic rate -(-4 

124 

33 

3 8 1 

Divergence per cent 

+35 

-60 

+220 

Barbital poisoning 

142 

29 

36 1 

Divergence, per cent 

— 1 

-50 


Low basal metabolic 
rate (—27) of un 




detenmned ongm 

79 

40 

20 I 

Dmrieiicc per cent 

-15 

-50 

+65 

Hypothyroidism no 
medication basal 




metabolic rate -27 

77 

89 

9 1 

Divergence per unt 

-20 

+15 

-25 

Hypothyroidism receiv 
ing thyroid basal 




metabolic rate —4 

1 50 

90 

16 1 

Divergence per cent 

+60 

+15 
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Nephritis \\ithout edema f 

96 

97 

10 1 

Nephntis with tendency to edema J 

Addison s disease cyanosis starvation basal 

75 

41 

1 8 1 

metabolic rate —30 

Polycythemia vera cyanosis basal metabolic 

1 61 

70 

22 1 

rate —4 

64 

99 

7 1 


* \\ erage of 3 consistent senes 
t A\ erage of 4 
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copper iron picture that while differences of more than 100 per cent were 
found in the initial copper and iron levels of the different rabbits used in 
the ejqtenments reported in Table 3 those same differences were again 
established upon recovery from the expenences to which they were 
subjected Recovery was of course, to the status of rabbits used for 
weekly bleedings and not to the status of unused rabbits 

The decreased serum iron levels observed m the rabbits injected with 

35 
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sub-lethal doses of barbital were found also in two persons suffering with 
barbital poisoning Analogous decreases were obseiw^ed in two instances 
of menorrhagia, m one of dwarfism, and m one of combined pituitar>^ and 
ovarian dj^sfunction 

The basal metabolic rate is reported to be low^er m nephritis with 
edema than m nephritis without edemh (33) The metal levels in the 
patients with Addison’s disease and polycythemia vera w'ere affected by 
the complications present 

The copper level in the single instance of untreated hypothyroidism 
available w^as slightly below the levels normally obseiw'ed in women 
The iron level was not depressed, differentiating the condition from those 
m which the basal metabolic rate was depressed as the result of pituitary 
and ovarian dysfunction 

Increases in the copper content of the serum, indicative as they are of a 
depletion of the copper content of the tissues and a consequent decreased 
extent of inhibition of cellular metabolism, tend to be accompanied by an 
elevation of the basal metabolic rate This tendency may, of course, be 
nullified either wholly or in part as the result of complications, such as 
oxygen want, which tend to depress the metabolic level 

Transfer of copper from the tissues to the blood may follow the inges- 
tion of food rich in cuprophile substances, the hypersecretion of "copper- 
a\’id” hormones, or the disintegration of depots of strongly cuprophile 
bacteria Or, it may follow the depletion of the cellular contents of 
glutathione, anionic ferrous iron, unsaturated fatty acids, and related 
substances with a high affinity for copper Such depletion may follow 
the simple loss of these substances which occurs m starvation, the growth 
of neoplasms, and the development of fetuses, or it may follow the in- 
creased intensity of intracellular oxidation which accompanies an in- 
crease in body temperature Substances of the glutathione, etc type 
lose their high affinity for copper upon oxidation 

Co7idttt07is til wJndi the copper content of the serum is increased, the iron 
content remaining either within or below the normal range 
The copper content of the serum is increased, and the iron content 
decreased in conditions accompanied by a rise m bodv temperature The 
copper content alone is changed m conditions accompanied by an eleva- 
tion of the basal metabolic rate without rise in body temperature 

Sanborn (33) gives the following ranges for the basal metabolism of 
pregnancy, leukemia, pulmonaty tuberculosis, and pernicious anemia 
-f 33 to 4- 35, -f 21 to -h 123, + 3 to -f 30, and -f 2 to -f 23 Values 
of -f 10 to + 50 are reported in carcinoma (34) 

H 3 "perthyroidism and thyroid therapy were accompanied by an in- 
crease in the copper content of the serum, wnth no concomitant increase 
in iron content 
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The unusually high copper level reported for the instance of pregnancy 
accompanied by miliary tuberculosis was observed several weeks before 
the existence of the complication was discovered Comparably unusual 
values were twice observed in rabbits with, at the time, no other conclu 
sive evidence of abnormality The animals later developed large cysts 
and had to be sacnficed 

Normal pregnancy appeared to be associated, at term, with an in 

TABLE 4 


The capper and non hemoglohtnous xron contents of the serum tn conditions associated with 
an elevation of the metabolic rate 
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Tvble 4 {contsnucd) 


Dcccnptjon 

Scrum 

Rntfo of 

Copper 

Iron 

to iron 

! 

Normal hens J 

micTosrams 
per cc 1 

14 

per cc ' 

62 

2 1 

Hens v ilh Rous sarcoma J 

19 

36 

1 

5 1 

Normal horses J 

90 

I 73 1 

5 1 

Horses recemng diphtheria toxin, 

3-4 days after last toxin injection temper- 




ature -f 2 6“ F H 

1 1 59 

, 96 

17 1 

1 

5-6 days after last toxin injection, temper- 



ature -F 0 3“ F H 

1 29 

1 51 

i ^ ^ 

Horses receii mg tetanus toxm, 

1 

1 


3 days after last toxin injection, 0 8° F * 

1 28 

1 08 

12 1 

5 days after last toxin injection, -f- 0 4° F 

1 01 

1 66 

6 1 


* A\ erage of 2 comparable subjects 
t A\ erage of 9 
t A% erage of 3 
§ Average of 6 
II Average of 4 

crease of approximately 100 per cent m the copper content of the mater- 
nal blood serum The copper content of the serum of blood from the 
umbilical cord of the fetus, at delivery, was from one-third to one-fourth 
that of the maternal blood, while the iron content was double 

The copper contents of the brain (35) and liver (36) of the newly bom 
child are appreciably higher than are characteristic for the normal adult 
Diffusion across the placental barrier is, apparently, sufficiently slow to 
permit the maintenance of a different distribution between the blood and 
tissues of the fetus than is maintained in the maternal body 

The copper levels obserx'^ed in advanced carcinoma were analogous to 
those observed in pregnancy The iron levels were not consistently re- 
duced, in either condition, excepting in the presence of complications 
Changes in the serum metal levels, analogous to those found in carcinoma 
in man, were found also in Barred Rock hens inoculated with Rous sar- 
coma number 1 

The serums of the horses were obtained through the courtesy of Eli 
Lilly and Co The highest levels of serum copper, and the lowest levels 
of serum iron, were found in the animals reacting most severely to the 
toxin injections 

The highest concentrations of copper in the serums of the tuberculous 
subjects were present, in general, in the serums of the individuals v itli the 
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lowest expectations of recovery With one exception, the iron contents 
were below tlie normal level A similar copper iron picture was found in 
leukemia No uniform changes m the copper and iron levels were ob- 
served in lues in the absence of complications 

The values for diabetes with and without insulin therapy, like those 
reported in Table 2 for pernicious anemia before and after liver therapy 
indicate the tendency of the organism to return to a normal copper iron 
balance npon the establishment of a specific therapy 

SUMMARY AND CONCLUSION 

A study has been made of the copper and non hemoglobinous iron 
levels in the blood serums of one hundred normal and diseased persons and 
of thirty two animals used for the experimental study of the factors 
determining the levels observed in the human subjects The analvtical 
metliods developed for the study are reported in detail are accurate, 
rapid and within the reach of the average clmical laboratorv 

The iron content of the hemoglobin free serum of normal persons from 
whom food had been withheld for 12 hours was found to vary from an 
average x alue of 1 00 ± IS micrograms per cc for > oung men to a v alue of 
0 77 ± IS for joung women Values of 1 4 microgram and above were 
observed in the serums of newly bom infants of normal adults with 
mild bilirubinemia, and of persons with icterus due to cirrhosis of the 
liver Intermediate values were obtained in persons subjected to 24 
hour fasts, and in pernmous anemia The increased values of the latter 
condition became corrected following the administration of liver extract 
Normal values were found in caranoma, pregnancy, hypo and hyper- 
thyroidism, and lues Values approaching 0 4 microgram and less were 
observed in barbital poisoning, nephntis with edema, conditions inxolv 
ing pituitary and ovanan dysfunction, leukemia, pulmonary tuberculosis 
and diabetes The low values of the latter condition were corrected fol 
lowmg insulin therapy Expenmcntal recoverable depression of the 
iron level was obtained in rabbits subjected to hemorrhage, carbon mon 
oxide and barbital poisoning and in horses subjected to injections of the 
toxins of diphthena and tetanus 

The copper content of the blood serum of normal persons vaned from 
an average value of 0 80 ± 8 mtcrograms per cc for young men to a 
value of 0 92 ± 3 for young women Values of 2 0 micrograms per cc 
and above were found m pregnancy, at term, and in advanced carcinoma 
Intermediate values tiere observed in toxemia pyrogenic infection, 
Addison s disease, leukemia, perniaous anemia cirrhosis of the liver, and 
diabetes Approximately normal values were obtained in lues, nephritis, 
and conditions assoaated with a depressed metabolic level excepting 
hypothvroidism Slightly lowered levels were observed in hypothyroid 
ism and polycythemia vera Markedly lowered levels were manifest 
in the serum of newly born infants 
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The copper iron ratio \\as below the normal a^ erases onh in condi- 
tions in\ oK ing an increased serum bilirubin le\ el The ratio w as normal 
in pernicious anemia, In potln roidism, lues, and nephritis w ithout edema 
In e\er\ other condition obseiwed, the ratio was increased, usualK to a 
\er\ marked degree 

An anah sis of the figures reported has indicated the probable existence 
of four t% pes of copper-iron picture The first, found in incipient starx-a- 
tion and in pernicious anemia, may be charactenzed by slightly increased 
copper lex els and markedly increased iron lex^els, resulting from a “burn- 
ing-out” of the cell catalysts due to a depletion or deficiencx^ in the cell 
nutrient of substances capable of stabilizing iron in the reduced or ferrous 
condition The second, found in carbon monoxide and barbital poison- 
ing, and in uncomplicated anemia due to hemorrhage, may be charac- 
tenzed by virtuallx’’ unchanged copper lex^els and markedly decreased 
iron lex'els, as a result of the retardation in rate of “burmng-out” of the 
cell catalysts w^hich accompanies a depression of the basal metabolic 
rate The third, found in pyrogenic infections, toxemia, leukemia, and 
allied conditions associated wath an elex'ation of the body temperature, 
may be charactenzed by increases in the copper lex^els and decreases in the 
iron lex els proportionate to the general seventy of the conditions The 
fourth, found in pregnancy, carcinoma, and hyperthyroidism, conditions 
associated xxath an elex^ation of the basal metabolic rate xvithout rise in 
body temperature, may be characterized by markedly increased copper 
lex^els, xvithout accompanying change in the iron levels 

A careful examination of the serum copper-iron balance before, during, 
and after proxnsional therap}'^ may ex^entually prox^e of definite aid in the 
diagnosis and treatment of disease 

The writers wnsh to emphasize the purely exploratory character of the 
xvork xvhich has been presented, and the provisional nature of the classi- 
fications and hypotheses suggested Grateful acknoxvledgment is made 
of the cooperation of Dr Edwin F Hirsch and others of the laboratory 
and staffs of St Luke's Hospital, Eli Lilly and Co , and the Municipal 
Tuberculosis Sanitanum, who proxuded essential material and assistance 
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There appears a striking lack of similarity between observations that 
record the effects of slow compression of the pulmonary artery in animals 
and the phenomena that may follow a partial occlusion of the same artery 
m man by a massive embolus 

Cohnheim a (1) description of the effects of slowly produced pulmo- 
nary stenosis is so classical that it is worthy of quotation particularly as 
other experimental studies have simply confirmed his findings The 
expenments of Cohnheim recorded simultaneously the pressure in the 
nght auricle and femoral artery A ligature was passed about the pul 
monary arterv and slowly tightened Even when the constriction was 
earned to a marked degree there was not “Hie shghiesi change tn the femoral 
curve or tn the manometer in the jugular A change occurs only when the 
stenosis is earned beyond a certam point The arterial pressure then 
undergoes a sleep and sudden descent, while at the same time the level of 
the venous manometer rapidly nses and, if the ligature be not loosened, 
life 18 in extreme danger This finding is used by the author to illustrate 
his concept of the ability of the heart to accommodate itself to increased 
work untd a point is reached “when the resistance becomes so considerable 
that the cardiac contrachons are no longer capable of completely over 
coming it,’ and " the circulation u instantly at an end An intermediate 
state where the blood stream, though not quite normal, continues where at 
each systole the heart still throws a certain quantity of blood into the 
artenes, though not the former normal average amount, and thus main 
tarns the arterial and venous pressures at levels lower and higher respec- 
tively than IS normally the case, such an intermediate state that is to say, 
as we become acquamted with in connection with increased pencardial 
tension does not exist here The physiological heart muscle can meet the 
demands on its work, or it cannot meet them in the former case, we have 
a regular physiological circulation, in the latter death 

The abrupt failure of the arculation under these circumstances has 
been described repeatedly Haggart and Walker (2) produced occlusion 
of the pulmonary artery by slowly approximating the jaws of a clamp 
As in Cohnheim s expenments no effect upon systemic blood pressure or 
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cardiac output was observed until a certain point was reached, then tlie 
blood pressure and cardiac output fell precipitately to zero and the animal 
died unless the clamp was instantK released The end point appeared 
so definite that these obseiwers could predict from the number of turns of 
the clamp just w hen it w as to occur Moore and Bmger (3), using a sim- 
ilar method, obtained identical results 

It IS true that death from pulmonary embolism in man ma^ occur with 
the dramatic suddenness that is registered in these experiments The 
effect of complete occlusion of the pulmonary artery^ by an embolus can 
be nothing else but an immediate cessation of cardiac output and death 
Not infrequently, how"e\er, instead of dying immediately, the patient 
lives for several hours and autopsy confirms the diagnosis of the presence 
of a large clot of blood partially obstructing the main stem of the artery 
During the interv^al between embolism and death, the symptoms showm 
by the patient are those commonly associated wuth diminishing cardiac 
output, low^ered artenal pressure, peripheral vasoconstriction, and anox- 
emia In addition, increasing distention of the veins has been noted (4) 

The fact that it is possible to reproduce m experiment a state of 
affairs comparable physiologically to that obserx^ed at the bedside was 
mentioned briefly'' m connection with a study directly concerned with 
the function of the pencardium (5) It is believed that the finding de- 
serx’’es some elaboration, how^ever, and in the followng studies we have 
recorded in detail the changes in arterial and venous pressures and cardiac 
output following partial occlusion of the mam stem of the pulmonaiy' 
arteiy^ It is shown that the prolonged period of reduced cardiac output 
obsen^ed in man can be reproduced in the experimental animal, and that 
death occurs not necessarily from precipitate failure of an overloaded 
right heart, but from a gradual wnthdraw’^al of blood from active circula- 
tion This blood accumulates in the venous side of the circulatory system 
w^here it is trapped by the obstruction to the outflow from the right side 
of the heart Death under these circumstances occurs as it does in 
hemorrhage or shock — not primarily from cardiac failure, but from the 
effects of a reduced volume of circulating blood 

EXPERIMENTS 

The experiments were performed on cats anesthetized by the intra- 
pentoneal injection of a 10 per cent solution of sodium barbital, 4 5 cc 
per kilogram of body xveight The injection w'as made about forty-five 
minutes before the experiment was started Drinker heart preparations 
(6) were used m the majority of the experiments Cats so prepared 
breathe naturally wuth the heart exposed in the open pericardium sutured 
to the wall of the chest In a few instances the pulmonaiy^ artery was 
exposed by removing a portion of the sternum, and artificial respiration 
w as maintained throughout the experiment by intermittent intratracheal 
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insufflation The mean carotid pressure was recorded in the usual 
manner with a mercury manometer The venous tracing was obtained 
by the method described by Lewis and Drury (7) A solution of hepann 
was given intravenously to prevent clotting 

Graduated compression of the pulmonary artery was accomphshed 
by means of a clamp which has been described in an earlier publication 
(5) It IS very similar to the one used by Haggart and Walker, but is 
capable of finer adjustments 

The commonly described effect of gradual occlusion of the pulmonarj 
artery may be reproduced with this clamp and is illustrated m Figure 1 



Fig 1 Kymographic Tracing Iliustratino the Eitect of Compaea 
T ivBLY Rapid Coupression of the Puliionary Artery 

A venous pressure in centimeters of water recorded from the supenor vena 
cava B, artenal pressure m millimeters of mercury recorded from the left 
carotid artery C time in five second intervals D signal marker The pul 
monary artery was compressed dunng the time interval A and released at 1 

In this expenment (Number 7) the pencardium was opened and the clamp 
adjusted about the pulmonary artery just above the pulmonary valves 
The artery was then gradually compressed by successive turns of the 
screw approximating the jaws of the clamp 0 635 mm at a time Circu 
latory failure occurred suddenly during the course of this compression 
with an abrupt rise in venous pressure and a sharp fall m arterial pressure 
This sudden failure of the circulation occurring m the course of gradual 
occlusion of the pulmonary artery is identical with that reported by other 
workers (1 2, 3) 

However, it was found that gradual compression of the pulmonary 
artery could be made to produce a slow fall m artenal pressure and a 
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resulted At 1 the clamp was completely released 
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corresponding rise in \enous pressure, pro\nded it uas carried on with 
sufficient Figure 2 is another section of the k\mographic record 

of Experiment 7 Here the successne increments of compression were 
reduced to 0 079 mm and circulatoix-^ failure occurred gradualh as 
e\idenced by the slow fall in arterial pressure and rise in \enous pressure 
Similar results ha\e been noted during slow and rapid compression of the 
aorta (Figure 3) These obserxations have been verified eightv-two 
times in fortj'-seNen experiments m both open and closed chests and with 
Drinker heart preparations 

Detenmnation of cardiac output 

It seemed likely that the low-^ered sjstemic blood pressure w'as caused 
b> a diminution in cardiac output resulting from forced accumulation of 
the blood on the venous side of the circulation To prove this point 
determinations of cardiac output w’^ere made in five experiments before 
and during compression of the pulmonarj’^ arter>’^ The compression was 
continued in each instance until the svstemic blood pressure had fallen 
at least 10 mm Hg The Fick method was employed to determine the 
minute volume flow of blood through the lungs Drinker heart prepara- 
tions W''ere used m all five experiments The samples of mixed venous 
blood were obtained by puncture of the right ventricle under direct 
^'■lSIon Arterial samples w^ere taken from the femora] artenes The 
tracheal cannula was connected with a closed oxygen metabolism system 
containing Krogh valves, a soda lime chamber and a Krogh spirometer 
The fall of the spirometer gave a direct indication of oxygen consumption 

The results obtained m these five experiments are tabulated in Table i 
Occlusion of the pulmonar>'’ arterj”^ sufficient to cause a drop m systemic 


TABLE" I 

Cardiac output determinations vuth pulmonary artery occlusion 



n 

I 

Before partial occlusion 
of pulnionao arter> 

Occlusion 

During partial occlusion 
of pulmonary artery 

Date 


S> stemic 
blood 
pressure 

Cardiac 

output 

pulmonarj 

arterj 

1 

S> steraic 
blood 
pressure , 

Cardiac 
output 1 

Decrease 
in cardiac 
output 

1930 

- 1 
kgm 

I mm Hg 

cc per 
minuU 1 

! 

per ctni 

mm Hg 

cc ficr 1 
minute 

per cent 

October 29 | 

2 84 1 

83 

179 

1 


72 

124 

31 

October 31 

2 85 1 

126 

430 

88 

90 

145 

66 

\o\ ember 3 

3 47 

105 

394 

1 

87 

78 

205 

48 

>.o\ ember 5 

3 55 

78 

488 

61 

62 

292 


\o\ ember 6 1 

2 50 

68 

391 

83 

56 

230 

41 
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blood pressure of more than 10 mm Hg was accompanied by a decrease 
in cardiac output varying between 31 and 66 per cent As might be e\ 
pected, there was no close relationship behveen the degree of occlusion of 
the artery the fall in systemic blood pressure and the decrease m cardiac 
output However, the most marked occlusion produced the greatest 
fall in blood pressure and the largest decrease in cardiac output, while the 
smallest drop m blood pressure was assoaated with the smallest decrease 
in cardiac output 


Degree of ouhision produced by clamp 

In order to estimate the degree of occlusion produced bv their clamp 
Haggart and Walker (2) compressed a section of a rubber tube and by 
inking the distorted end reproduced its sectional area on paper From 
the measurements of these ink impressions thej drew a curv e from which 
the degree of occlusion of the pulmonary artery could be estimated It 
IS obvious that the accuracy obtained with such a method is not great 

The degree of occlusion of the artery was estimated with far greater 
accuracy in the following manner The clamp was adjusted about the 
pulmonary arterj at the start of each evpenment so that the plane of the 
jaws of the clamp was at right angles to the long axis of the artery Then 
the jaws were approximated until the distance between them corresponded 
to the diameter of the artery during systole That is they just touched 
the external surface of the arterv with each heart beat At the end of the 
expenment, the jaw's were approximated until the artery was completely 
occluded The distance triversed by the lower movable jaw of the clamp 
from Its first position to its last corresponds to the original internal di- 
ameter of the arterv The ongmal cross sectional area of the artery may 
then be computed by the formula 0 = ri? in which 0 represents the cross 
sectional area and R the ongmal internal radius of the artery as measured 
b> the clamp 

An elastic tube subjected to a uniform mternal pressure will assume 
the shapes shown in Figure 4 when compressed by the clamp By 
measunng a senes of such hgures stamped with the inked end of a rubber 
tube Haggart and Walker denied a curve from which they computed 
the degree of occlusion of the compressed artery The formula used was 
0 = TTT^ + M, in which 0 is the cross sectional area, r, the radius of the 
lateral curvatures at either side of the compressed artery, and I, the 
transverse distance across the artery from the end of one curved edge to 
the beginning of the other (Figure 4 Diagram C) Now tlie factor r can 
be computed at any point in the compression because it equals one half 
the difference between the original diameter and the distance through 
which the lower jaw of the clamp has moi'ed But assuming the circum 
ference of the artery to be constant, I can also be computed by the 
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formula 


I = 


2rR - 2rr 

9 


Then substituting for / m Haggart and 


Walker’s formula ^\e ha\e 0 = irrilR — r), 0 representing the area 
of cross section, R, the original internal radius of the artery , and r, one- 
half of the difference between 2R and the distance ^\hIch the mo\able 
jaw of the clamp has mo\ed toward the fixed jaw" 




CD 
Fig 4 Diagrams or the Cross Section or the Pulmonar\ Artery 

A, before compression bv the clamp, B, C, D, successne stages of com- 
pression 


The last formula makes it possible to determine directly the area of 
cross section of the artery wath any degree of compression The accuracy 
of these computed areas depends chiefly upon the care employed in placing 
the clamp on the artery 

In fourteen experiments determinations were made of the original 
cross sectional area of the pulmonar>'^ arter^^ the area at w^hich the first 
definite lowering (10 mm Hg) of the systemic blood pressure occurred 
and the area at wdiich any further compression resulted in death of the 
animal It was found that the systemic blood pressure was not definitely 
lowered until from 61 to 86 per cent of the artery had been occluded and 
that the compression was not fatal until from 84 to 96 per cent of the 
artery had been occluded In one instance compression was fatal w^hen 
only 73 per cent of the arter>'^ had been occluded In this experiment the 
animal had a large pneumothorax, which undoubtedly contributed to the 
circulator^’’ failure The variations m the figures in these fourteen ex- 
periments are probably to be accounted for by the variations in blood 
loss and length of the experiment with resultant differences in the ability 
of the nght heart to overcome a partial occlusion of the pulmonary artery 
The values gn’en are all higher than the estimated degree of occlusion at 
which Haggart and Walker noted abrupt cardiac failure 

It IS of interest to note the mechanical principles that give rise to the 
artifact of a finelj’^ determined end point at w’hich circulatory failure takes 
place when a coarsely adjustable clamp or ligature is employed to occlude 
the artery’’ The pulmonarj’’ arter>’’ may be regarded as a flexible tube 
subjected to a pressure uniformly distributed upon its internal surface 
and the jaw’s of the clamp as tw’O parallel planes compressing the tube 
between them A cross section of such a tube wall assume the shapes 
illustrated in Figure 4 as the two parallel planes approach one another 
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It IS evident from these diagrams that a one millimeter approximation of 
the ]awB of the clamp when the artenal lumen resembles Diagram D 
will cause a much greater reduction in cross sectional area than a similar 
approximation when the lumen is of the form shown m Diagram B 
Figure 5 18 a graphic illustration of this fact. It represents the per cent 
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Fig S Graph of Changes in the Cross Sectional Area of the Pul- 
monary Artery during Compression by the Clamp in Experiment IS 
Each unit of compression represents an approximaUon of the jaws of the 
damp equal to 0 635 ram The diagrams above the graph represent cross 
sections of the pulmonary artery at 0, 3, 6, and 9 units of compression 

reduction in each precedmg cross sectional area 6f the pulmonary artery 
occasioned by an 0 635 mm approximation of the jaws of the damp 
Each of the first five approximationa produces less than a 10 per cent dim- 
inution m the immediately precedmg sectional area. Approximation by 
a similar increment just before complete ocduaon of the artery produces 
a 98 per cent reduction in area. Thus, unless the damp is capable of 
very fine adjustments, cardiac failure will appear to occur abruptly durmg 
a slow and gradual compresTion (Figure 1) although m reality it takes 
place when the dimmution m the cross sectional area of the pulmonary 
artery becomes markedly increased by each turn of the clamp 

By well known hyiauhc pnnciples this rapid decrease m cross 
sectional area causes a sharp increase m the resistance to blood flow A 
36 
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demonstration to this effect was obtained by experiments witli the 
excised pulmonary artery In fourteen expenments the pulmonary' ar- 
tery and adjacent portion of the right ventncle were excised after the 
death of the cat A glass tube ha\ung approximately the same internal 
diameter as the pulmonary artery was then inserted through the right 
ventncle and tied into the artery so that it projected just beyond the 
pulmonary valves The cannula was connected with a water reserv'oir 
designed to deliver water at a constant pressure The rate of flow 
through the pulmonary’- artery was determined by timing with a stop 
watch the collection of 500 cc of water m a graduated glass cylinder 
The clamp was adjusted about the pulmonary artery in much the same 
manner as it had been in the living cat The rates of flow with a con- 
stant pressure in the water reservoir were determined at vanous degrees 
of occlusion of the artery 

Figure 6 IS a graph of the results obtained by this method in one e\- 
penment The same pulmonary artery was used from which the areas 
in Figure 5 were computed The sharp decrease in rate of flow as com- 


CKOSS SECTION OF ARTERY 



UNITS OF COMPRESSION 

Fig 6 Graph of Changes in Rate of Flow through the Excised Pul- 
jiON'ARi Artery during Compression by the Clamp 
Cross sections of artery and units of compression as in Figure 5 
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plete occlusion of the artery was approached corresponds to the sharp 
diminution m the cross sectional area seen in Figure 5 In fact, by invert- 
ing Figiu-e 6, the curves are almost supeninposable The same abrupt 
dimmubon in rate of flow was observed m the other thirteen experunents 
As all other factors m these experunents were constant, the rate of flow 
varied inversely as the resistance offered by the clamp This gives ex- 
perimental confirmation of the sharply mcreasmg resistance offered by 
the damp already deduced from a consideration of calculated cross sec- 
tional areas It is apparent, therefore, that the abrupt circulatory failure 
noted dunng a supposedly gradual occlusion of the pulmonary artery or 
aorta can be ascribed to the use of a method which m reahty produces a 
sudden and large reduction m the calibre of the vessel after a certain 
pomt IS reached 

CONCXOSIONS 

1 Obstruction of the pulmonary artery up to 60 per cent of its cross 
sectional area is without significant effect upon the artenal or venous 
pressures 

2 A reduction m cardiac output attended by a fall m blood pressure 
and nse m venous pressure occurs when the ocdusion lies between 60 and 
85 per cent 

3 The arculahon fails not prunanly from cardiac insufficiency but 
due to the fact that blood collects on the venous side of the system by 
reason of the obstruction to the outflow from the nght heart. 

4 The obstruction is fatal when 85 to 100 per cent of the pulmonary 
artery is occluded 

BIBLIOGRAPHY 

1 Cohnheira, J F , Lectures on General Pathology London, The New Syden 

ham ^aety, 1889, vol I p 54 et seq 

2 Haggart, G E , and Walker, A M,Arch Surg,1923,vi 764 The Physiol 

ogy of Pulmonary Embohara as Diaclosed by Quantitative Occlusion of 
the Pulmonary Artery 

3 Moore, R L , and Binger C A L , J Exp Med 1927, xlv, 655 Observe 

tions on Resistance to the Flow of Blood to and from the Lungs 

4 Gierti, K H , and Crafoord, C , Acta Chirurg Scandinav , 1929, Ixiv, 121 

5 Gibbon, J H , Jr , and Churchill, E D J Clin Invest , 1931, x, 405 The 

Medianic^ Influence of the Pericardium upon Cardiac Function 

6 Dnnker, C K , J Exp Med , 1921, xxxm 675 A Useful Heart Method 

7 Lewis, T , and Drury, A N , Heart, 1923, x, 301 Observations Relating to 

Arteno Venous Aneurysm I Circulatory Mamfeatationa in Chmcal 
Cases with Particular Reference to the Artenal Phenomena of Aortic 
Regurgitation 




STUDIES OF BLOOD GLYCOLYSIS 

I Sugar and Phosphorus Relationships during Glycolysis in 
Normal Blood* 

By GEORGE MARTIN GUEST 

(From Iht Infants and Children's BospUal and the Department of PeduUnes Harvard 
Medical Schocd and the Children s Hospital Research Foundation and the Department 
of Pediatrics, College of Medicine University of Cincinnati) 

(Received for pubticatjon January 23 1932) 

The senes of experunents presented in this paper demonstrate certain 
relationships m the progressive changes of sugar and phosphorus observed 
in defibnnated blood incubated m vitro at 37° C through penods of from 
ten to twenty four hours The accompanying figures illustrate a pattern 
of these changes which may be regarded as characteristic of normal bloods 
and bloods of normal ammals rendered hyperglycemic and hypoglycemic 
Similar studies of glycolysis and phosphorus relationships observed m 
blood samples from children with a vanety of diseases will be presented in 
the succeedmg papier 

Most of the evidence that phosphorus plays an essential rfile m the inter- 
mediary carbohydrate metabolism of the animal body is based upon observa 
tions of shifts of phosphorus in the body and fluctuations in the excretion of 
phosphorus which accompany the storage and burmng of sugar This subject 
has been recently reviewed by Peters and Van Slyke (1931) It is generally 
beheved that there is formation of carbohydrate phosphoric aad compounds 
at certain stages in the processes of storage (as in the synthesis of glycogen) and 
burmng of sugar, but the actual isolation of such compounds from ammal tissues 
has proved difficult and the evidence that such compounds exist in the ammal 
body 18 for the most part indirect. Goodwin and Robison (1924) reported the 
isolation of two phosphoric esters from the blood one of these esters reduced 
FehUng a solution The existence of hexose-phosphonc acid compounds in 
yeasts was demonstrated by Harden and his collaborators (1M5-1923), 
Robison (1922), Levene and Raymond (1928, 1929) and the rflle of phosphorus 
in alcohobc fermentation of sugar by yeasts was clearly defined by H^en s 
studies (1923) The manner in which phosphorus enters into the spbtting of 
sugar by yeast enxymes is better understood than are the processes by which 
sugar IS utilised in the ammal body but certain steps of the chemical mecha 
msms in the respective orgamsms are probably closely analogous and much 
that has been learned from the one has been profitably apphed by a number of 
investigators in studying the other 

The earliest suggestion that phosphorus imght be concerned m blood 
glycolysis appears to have been made by Rona and DShlin (1911), who seiied 

' An abstract of this paper was read at a meeting of the American Pediatnc 
Soaety, Montreal June 18, 1930 
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upon the observations of Lob (1911) that sodium phosphate when added to an 
allahne soIuUon of glucose hastened the spontaneous destruction of the 
glucose Intcrrelauonships between phosphorus and sugar in the blood during 
gljcoljsis ha\e been demonstrated in a number of ln^estIgabons reported 
b> Rona and his collaborators (1911-1927), Bierry and Moquet (1924, 1925), 
Lawaczeck (1924), Martland (1925), Ivlartland, Hansman and Robison (1924), 
Jost (1927), Engelhard! and Braunstein (192S), Barrenscheen and Hubner 
(1930), Engelhard! and Ljubimowa (1930) and Roche and Roche (1927, 1929) 
Bnefly summanzed, these ln^ estigations have demonstrated the following 
points 

When freshly draw-n blood is defibnnated and incubated, the blood sugar 
progressivel> diminishes During the first few hours the inorganic phosphorus 
may diminish slightly or may remain at a stationarj' level When glycolysis 
slow's, or stops, from lack of sugar, there is a rapid liberation of inorganic 
phosphorus from the organic phosphorus compounds of the cells There is 
general concurrence in the explanation, as stated by Engelhardt and Braunstein 
(1928) and by Roche and Roche (1929), that dunng blood glycolysis two main 
reactions are going on namely, synthesis of hexose-phosphonc acid esters as a 
first step in glycolysis, and the hydrolysis of these esters These reactions are 
interrelated, but the hydrolysis may proceed independent of synthesis Ac- 
cording to the speed of the two reactions there is observed 1, excess of syn- 
thesis over hydrolysis, wnth fixation of the inorgamc phosphorus in organic 
form, 2, equality of the two reactions, 3, excess of hydrolysis over synthesis, 
resulting in liberation of inorganic phosphorus 

The processes of glycolysis, ester-synthesis and ester-hydrolysis are affected 
differently by vanous changes in the state of the blood Most of the glycolysis 
IS due to the erythrocytes and is probably intracellular, hence, apart from the 
chemical state of the blood, the number of cells in a given sample is an impor- 
tant factor in glycolysis (Katayama (1926), Kawashima (1923), Barer (1931)) 
No glycolysis takes place in the plasma or serum if precautions are taken to 
av Old damage to the cells and the escape of their contents into the serum dunng 
Its preparation (Rona and Doblin (1911), Milne and Peters (1912), Kawashima 
(1923)) Hemolysis of the blood with water stops glycolysis (Doyon and 
Morel (1903), Rona and Dobhn (1911)) and ester synthesis, but does not stop 
phosphonc-ester hydrolysis (Martland, Hansman and Robison (1924), Lawa- 
czeck (1924)) Dilution of blood with isotonic salt solution merely slows gly- 
colysis Dilution of the cells with serum or a phosphate mixture gives greater 
glycolysis than equal dilution of the cells with NaCl or Ringer’s solution 
(Kawashima (1924)) The addition of glucose and phosphate in an appro- 
pnately buffered mixture to the whole blood gives greater synthesis of esters 
and increased speed of glycolysis (Roche and Roche (1929)) The optimum 
reaction for glycolysis is around pH 7 8 — approximately the optimum for ester 
synthesis According to Martland (1925) and Rona and Iwasaki (1927), 
ester synthesis and glycolysis take place only at an alkaline reaction, and are 
slowed by a shift to below pH 7 3 Ester hydrolysis occurs over a greater 
range than glycolysis, from pH 6 0 to 9 0, but in the absence of sugar, hydrolysis 
is most rapid at around pH 8 0 (Rona and Iwasaki (1927)) 

Discussion of the nature and distribution of the vanous phosphorus com- 
pounds in blood may be found in the papers of Kay and Byrora (1927) and 
in the recent revuew by Peters and Van Slyke (1931) Studies of the phos- 
phorus distnbution in the blood of dogs have been reported in this journal by 
Guest and Andrus (1932) In normal blood the inorganic P has a slightly 
lower concentrauon in the cells than in the plasma, while the organic aad- 
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soluble P (tbe fraction designated " Ester-P ” by Kay and Byrom) Is pracri 
tally confined to the cells there being usually leas than 0 5 ragm per cent 
present in the plasma. 


METHODS 

Blood samples were defibnnated with a glass rod or a wooden stick 
and incubated at 37° C in an Erlenmeyer flask with a rubber stopper 
At the intervals indicated, 1 0 or 2 0 cc samples were removed for sugar 
and phosphorus detemunations, and the changing values thus determined 
are shown graphically m the figures 

Sugar detemunations were made using the Folm Wu (1919) copper 
solution and the molybdate solution modified by Folm (1926) Phos 
phorus determinations were made by the Fiske Subbarow method 
(1925) 

Precautions to mamtam stenhty were not taken after smtable controls 
had indicated that slight bactenal contamination did not alter the cycle of 
chemical changes dealt with here Mackenzie (1915), Katayama (1926) 
and Falcon Lesses (1927) found that slight bactenal contanunation did 
not Eiffect the glycolytic rate 


RESULTS 

Glycolysts and changes of phosphorus »« normal blood {Figures 1 and 2) 

Glycolysis usually occurs in normal blood at a umform rate of from 
13 to 16 mgm per cent loss of sugar per hour, continmng until there re 
mains a residual reducmg substance equivalent to about 20 mgm per cent 
of sugar See Figure 1 Sometimes the rate is slightly faster dunng the 
first hour, and it may slow considerably dunng the last hour or two The 
residual substance apparently corresponds to the umdentified reducmg 
substance of the blood which is not fermented by yeast (Hiller, Lmder 
and Van Slyke (1925), Fohn and Svedberg (1926)) When determmed 
by different raetn^ods this substance gives considerably different values, 
Falcon-Lesses (1927) usmg Fohn’s (1926) copper solution for sugar deter- 
mination found (j to S mgm per cent of non glycolyzmg reducmg sub- 
stance in blood / Whatever method of sugar determmation is used, how 
ever, the relative changes which detemune the rate of glycolysis are the 

Eame, During the first few hours the morganic phosphorus either re- 

mams at a constant level or dimimshes slightly At the end of about 6 
hours, when the sugar is exhausted the morgamc phosphorus rises sharply 
and progressively to reach finally a concentration of 20 to 25 mgm per 
cent at about the 20th hour, after which time it changes very little. 

The source of the morganic phosphorus which is found mcreasing 
rapidly after the 6th hour of incubation (as in Fig 1) is demonstrated by 
the more complete analyses of the succeeding expenment In the exper 
iment shown m Fgure 2, 150 cc. of blood from a normal man were defi 
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bnnated and incubated as usual Values for the sugar content and the 
distribution of phosphorus in the blood as the inorganic P, total acid- 
soluble P and total P, were determined at the interv^als indicated in Figure 
2 o\ er a period of 22 hours Glycolysis in this blood averaged 13 5 mgm 
per cent loss of sugar per hour and w'as complete at about the 6th hour 
The inorganic P diminished slightly dunng the first 3 hours and rose 
sharply after the 6th hour, this nse starting ]ust before glycolysis was 
completed The total P and the aad soluble P were unchanged dunng 
the 22 hours, It appears therefore that the acid-msoluble P (the difference 
between these two values) is not affected dunng this penod of incubation 



Fig 1 Glycolysis and Changes of Inorganic Phosphorus in Normal 
Human Blood, Defibrinated and Incubated at 37° C 

The values for the organic aad-soluble P (“ ester-phosphorus ”)i repre- 
sented m the figure by the dotted curve, were obtained by subtracting 
the inorganic P values from those of the total acid-soluble P, and it may 
be seen from these changing values that the increase of the inorganic P 
after the 6th hour is at the expense of the organic acid-soluble “ester- 
phosphorus ” Parallel measurements made on the serum showed that 
the morganic P escaped from the cells as rapidly as it was liberated from 
the organic compounds, but for the sake of brevity this phase of the 
problem is omitted from the present discussion 

According to theones advanced by the authors cited in the introduc- 
tion the order of events visueilized m these two figures is probably as 
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follows Through enzyme synthesis, free sugar is combined with free 
inorgamc phosphate to form herose phosphonc aad esters in the cells 
As the glycolytic enzyme (or enzymes) splits the sugar molecule (first to 



Fig 2 Changes in Phosphorus Partition During Glycoitsis in Noa- 
UAL Human Blood, Defibrinatbd and Incubated at 37° C 

two molecules of lactic aad) the phosphate is liberated to combine again 
vnth sugar Synthesis and hydrolysis in the blood are at first about 
equal, and while sugar is present the concentration of morgamc P changes 
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^er>' little WTien the sugar is exhausted, the inorganic P increases 
rapidly because of the continuous hydrolysis of the esters wath no sugar 
available for their resjuthesis 

That the concentration of sugar m the blood has an important 
bearing upon the time relationships of the changes thus obser\'ed is 
demonstrated in the following experiments in which the sugar content of 
different bloods was changed by the addition of sugar to the blood in 
vitro, and by the administration of insulin to diminish the sugar content of 
the blood in vivo 

The effect of changes xn the sugar content of normal blood upon the order of 
changes of tnorgantc phosphorus during glycolysis (Figures 3 to 8, 

inclusive) 

Levulose was used in the experiments that follow because this sugar 
gave somewhat more clear cut results than did glucose There are, 
however, only slight differences between the behavior of glucose and 
levulose in such experiments as these 

In the expenment shown in Figure 3, 100 cc of blood from a normal 
man were defibnnated and incubated as usual Sugar and inorganic P 
determinations were made at the intervals indicated by the graphs 
(Si and Pi) At the 5th hour the blood was divided, and 30 cc trans- 
ferred to each of two flasks , to one was added 1 0 cc of 6 0 per cent (ap- 
proximate) levulose in 0 85 per cent NaCI solution, sufficient to elevate 
the total sugar content in this blood from 36 mgm per cent to 234 mgm 
per cent as shown (Ss) , the other flask received an equal amount of 0 85 
per cent NaCl solution Glycolysis of the added levulose (Sj) went on 
at pracfacally the same rate as that at which the original blood sugar (Sj) 
had disappeared, and the inorganic phosphorus (Pz) in this blood con- 
tinued to diminish slowly up to the 11th hour when the experiment 
was discontinued In the blood sample to which no sugar was added, the 
inorganic phosphorus (Pi) rose sharply as soon as glycolysis was com- 
pleted 

The above expenment was repeated, using a larger sample of blood 
in order to continue the measurements over a longer penod of time 
The blood was defibnnated and incubated as usual and determinations 
of the sugar and inorganic P content were made at the intervals indicated 
in Figure 4 At the 5th and 15th hours, 20 cc of blood were removed 
from the onginal flask to smaller flasks and levulose added to these 
flasks in suffiaent quantity to raise the sugar content of the blood in each 
to the levels indicated by Sz and Sj Glycolysis of the added sugar pro- 
ceeded at nearly equal rates in each case In the untreated blood the 
inorganic P rose after the 6th hour, at which time the glycolysis was be- 
coming considerably slower (Sj) In the blood with added sugar (Sz) 
the inorganic phosphorus (Pz) remained low and was nsing only slowly 



GEORGE MARTIN GUEST 


561 


from the 18th to the 20th hour At the ISth hour the inorgamc phos- 
phorus (Pi) m the im treated blood was above 17 5 mgm per cent and in- 
creased to 19 7 mgm per cent at the 22nd hour Followmg the addition 
of levulose to the blood at the ISth hour, glycolysis proceeded at a regular 
rate (Si) and the inorganic phosphorus (Pj) in this blood diminished to 
15 5 mgm per cent at the 22nd hour when the expenment was discon 
tinued 



Fig 3 Levulose Added to Defibeinatbd Human Blood at the Sth 
Hour of Incubation 

From these two expenments one may conclude that m normal blood 
an excess of sugar, added in order to prolong the period of glycolysis, 
delays the nse of the morgamc phosphorus The fact that the addibon 
of sugar to the blood at the 15th hour caused the inorgamc phosphorus 
to diminish, mstead of further increasing, indicates that the enzymes were 
active and capable of ester synthesis long after the glycolysis of the ong- 
inal blood sugar was fimshed, and after ester hydrolysis had increased the 
inorganic phosphorus to a high level 
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The curves Si and Pi m Figure 5 illustrate the time relationships be- 
tw'een changes in sugar and inorganic phosphorus which w'cre observed 
dunng glycol>sis in the blood of a normal rabbit Another rabbit was 
gi\en 20 units of insulin to provoke a hj^Doglycemia, and a blood sample 
was taken when the rabbit was having mild convulsions The curves 



Fig 4 Levulose Added to Defibrinated Human Blood at the 5th 
AND 15th Hours of Incubation 

S; and Pi represent glycolysis and ester-phosphorus hydrolysis observed 
in this blood The initial effect of insulin in animals is a depression of 
the inorganic phosphorus of the blood (Wigglesworth, Woodrow, Smith 
and Winter (1923), Harrop and Benedict (1924)), but Bnggs, Koechig, 
Doisy and Weber (1923) observed that m the stage of marked hj^jogly- 
cemia and imtabihty (convulsions) the inorganic phosphorus tended to 
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nse again above its original level The changes illustrated by the curve 
Pj in the figure offer an explanation for the findings of these authors 
Even »n vtvo, if the blood sugar is thus reduced by insulin, ester phos- 
phorus hydrolysis probably leads to an increase of the inorganic phos- 
phorus of the blood when there is a lack of sugar available for resynthesis 
of the esters 

In order to show definitely that the rapid ester phosphorus hydrolysis 
observed in this hypoglycenuc blood was in fact due to the lack of sugar 



Fig S Gltcolysis and Changes of Inorganic Phosphorus in De- 

FIBEtNATED NOEUAL RaBBIT'S BlOOD (Si AND Pi), AND IN THE BDOOD OF A 
Rabbit Rendered Hypoglycemic by Insulin and P») 

rather than to some effect attendant upon the insulm mjection, sugar was 
added i» vttro to another sample of rabbit s blood that had been rendered 
hypoglycemic m the same fashion , the result of this experiment is shown 
m Figure 6 Twenty umts of msulin given in divided doses to a rabbit 
redu^ the blood sugar content from 147 mgm per cent to 24 mgm per 
cent. The animal was having mild convulsions when a sample of blood 
was drawn from the heart. The blood sample (40 cc.) was defibnnated 
and divided mto two flasks, to one flask was added 0 5 cc. of 10 per cent 
(approximate) levulose solution The flasks were incubated as usual 
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and sugar and inorganic phosphorus determinations A^ere made at the in- 
ter\a]s indicated in Figure 6 In the blood in which the sugar content 
was only 24 mgm per cent, gljcolj'sis w^as rapidly completed (Si) and the 
inorganic P (Pi) rose from the start of incubation, in the blood to which 
levulose w^as added glycolysis occurred at a regular rate (S;) and the in- 
organic phosphorus (Pj), after a slight initial nse, remained low and was 
increasing only slowly after the 11th hour 



Fig 6 Changes of Sugar and Inorganic Phosphorus in the Blood 
OF A Rabbit Rendered Hypoglycemic by Insulin (Si and Pi), and in 
THE Same Blood whth Levulose Added (Sj and Pj) 

In Figures 7 and 8 are shown curves representing glycolysis and changes 
of inorganic phosphorus in blood samples taken from two diabetic pa- 
tients, one wnth high and the other with low blood sugar content Both 
patients had been receiving insulin and were under good dietary control 
and appeared to be in a healthy state when these blood samples were 
taken In the first patient mild hyperglyceima was allowed to develop 
by withholdmg insulin, there was marked glycosuna at the time the 
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blood sample was taken, but no acetone appeared in the unne. The 
blood sample taken at this time, with sugar content 292 ragm per cent, 
was defibnnated and mcubated as usual , determinations of the sugar and 
inorgamc phosphorus made at intervals durmg a period of 18 hours gave 
the results shown m Figure 7 From the second patient a blood sample 
was taken after a dose of insulin had been given to induce a mild hypo- 



Fig 7 Glycolysis akd Changes of Inorganic Phosphorus in the 
Hyperglycemic Blood of a Diabetic Man 

glycemia. This blood sample, with sugar content 65 mgm per cent, was 
d^brmated and divided mto two flasks (10 cc. in each), to one of which 
was added 0 2 cc. of 10 per cent levulose, suffiaent to elevate the blood 
sugar to 260 mgm per cent as showm by Sj in Figure 8 Glycolysis 
occurred at practically the same rate m both samples (Si and Si) With 
the completion of glycolysis in the sample to which no sugar was added, 
the morganic phosphorus (Pi) rose sharply after the second hour, while 
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m the blood to which le\-ulose was added the inorganic phosphorus (Pj) 
was progressively diminishing through the 6th hour when the experiment 
was discontinued 



Fig 8 Blood of a Diabetic Child Rekdered Hypoglycemic by iNsimiN 
Alone (Si and P:) and with Levulose Added (Si and Ps) 

The effect of added phosphate upon blood glycolysis {Figure P) 

In the foregoing expenments are demonstrated the effects of a changed 
sugar concentration upon the changes of inorganic P in normal blood 
The effect of an increased inorganic phosphate concentration upon gly- 
colysis IS displayed in Figure 9 Fifty cc of blood were taken from a 
normal adult, defibnnated, and divided into two flasks To one was 
added 2 0 cc of 0 85 per cent NaCl solution To the other was added 
2 0 cc of 1 2 per cent (approximate) solution of NajHPOi 12HiO, sufficient 
to elevate the inorganic phosphorus content of the blood from 3 1 to 
17 8 mgm per cent In the blood sample with the added phosphate, 
glycolysis occurred at a slightly faster rate (Sa) than it did in the control 
(Si), and in this sample the inorganic phosphorus (Pj) was decreased more 
dunng the first 4 hours than in the control (Pi) 
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Fro 9 GLTCoLYsrs and Changes of Inorganic Phosphorus in Nor 
MAL Human Blood (Si and Pj) and in the Same Blood with NajHPOj 
Added (Sj and Pt) 


SUMMARY 

In normal defibnnated blood incubated at 37° C , glycolysis occurs 
at a fairly constant rate, usually amounting to a loss of 13 to 16 mgm 
per cent per hour until there remains a residual reduang substance of 
about 20 mgm per cent. Dunng the first few hours the morgamc phos 
phorus of the blood either remains at a constant level or diminishes 
shghtly At the time the free sugar is exhausted (after 6 to 8 hours) the 
morgamc phosphorus nses sharply and progressively to reach a concen- 
tration of about 20 to 25 mgm per cent at about the 15th hour This 
rise of the morgamc phosphorus is at the expense of the organic aad- 
soluble phosphorus of the cells, generally designated "ester phosphorus ’ 
The nse occurs very qmckly in the hypoglycemic blood of msuhmzed 
animals, it is delayed for several houre by the addition of an excess of 
levulose or dextrose to both normal and hypoglycemic blood 
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The significance of the rate of blood glycolysis as it occurs m health 
and in disease has been the subject of a great many mvestigations which 
are ated in the articles by John (1925), Falcon Lesses (1927) and Barer 
(1931) The rate of blood glycolysis is fairly constant m health but 
vanes greatly in certain conditions of disease, the most rapid rates havmg 
been observed m leukemia (Falcon Lesses (1927)) Accelerabon of the 
glycolytic rate has been observed also m diabetes, m heart disease, in 
nephntis, in septicemia, and in other unrelated conditions However, it 
IS likely that the acceleration of blood glycolysis observed m these con- 
ditions is not a peculiarly charactensbc manifestation of any of the 
diseases named, but is due to some common changes m the state of the 
blood In previously reported clmical studies, comparatively httle at- 
tempt has been made to correlate with the detemunabons of blood gly- 
colysis other chemical Eilterabons of the blood which might influence 
glycolysis, and apparently no attenbon has been paid to the behavior 
of the blood phosphorus dunng glycolysis in different pathologic con- 
dibons 

In many of the diseases in which alterabons of the rate of glycolysis 
have been reported, marked changes of the blood phosphorus are known 
to occur and some abnormahty of the phosphorus metabohsm often may 
be recogmzed The studies to be reported here were undertaken with 
the idea that in those pathologic condibons m which glycolysis is altered 
the related order of changes of the blood phosphorus observed m normal 
blood durmg glycolysis (as described m the precedmg paper) might also 
be found altered 

METHODS 

The methods employed were the same as those menboned m the pre- 
ceding paper 

* An abstract of this paper was read at a meebng of the Amencan Pediatric 
Society, Montreal, June 18, 1930 
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1 ! r f rfi!\ - *■ inor^THic I’ cunc"^ cho^\ n in the first eight of tlic 
t g(’'r< r.->’ I'c rtrarded ns nc,‘'rl\ normal, thc> arc presented to 
(V "f I'-tr itc the slight \anat 10 n 5 in the piitcrn of these changes ^\hlch 
n }>c oh oM,cd m the milder disturbances of \anous diseases More 
ahc'itio.is of the normal pattern of the gKcol\5i= and inorganic 
I’ cur\ cs arc sho^\ n in F igurcs 9 to 17, mclusi\ c 



hiG 1 PuRPiiRA Hemorrhagica 
r D , female, 0 ’ 5 ears, not acutely ill 


Cc^f 1, Ft;: irf 1 Throrrbocylopertc 1 etrorr} agic purpura F D, female, 
apt (j\ \e'irv, not ncutel> ill Phjsical findings vere normal except for exten- 
‘ %c p I'punc le-ions oxer the bod> The bleeding time xxas marhcdl> pro- 
longed nrd the clotting time of the blood was no-mal The curv es representing 
c’ argt's of sjgar and inorganic P dunng gljcolvsis in this blood ma> be ac- 
cep td a' c’^aractcnstic of normal blood Isote that there was little change 
n t’ e iro'gamc P until afte” the sugar x as exhausted 

Cc'f £, F £ re 2 Cehac di'casr P T , male, age 4 xcars, not acutclj ill 
Tx p call' « o-x of ctliac disease, xxnth onset at about one > car of age He had 
urde* treatment ‘=excral months and was doing xxcll xxhen this blood 
•am, V T tal en 
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Fig *} TtnEKCULOUs Memvgitis 
J r B , male, 1 %car 


5 lour' p'ln- to admi'^^ion, and were practicall\ conunuous until death oc- 
curred 4 da\s later The blood sample was taken 2 da\s before death, when 
t’ e tempi 'ature wac 103’ F GKcohsis and inorganic P curves were cssen- 
t •’ll ro^mal No-nal curves wc'c likewise obtained from blood samples of 
3 c btr infan’« with the 'ame diagnosis and similar s\ mptoms 

t'c'f o, Fi; I'c 5 L ppn resp rclory trjecttnr, reccrery J McC , male, 
a-c 3 veT-s V t’l devdopid ard nourished, complaining of sore throat Tem- 
-at 103’ h' Phvsical damnation v as essentially negative except 
h: - -ed-f' < c p’'arvn\ Lungs were clear Temperature fell to normal after 
a da, 5 In ! igure a the curves S- and Pj are from a blood sample talen the 
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day after admission to the hospital, Si and Pi are from a sample taken 5 days 
later, after apparent complete recovery 

Case 6, Figure 6 Dysentery (Flexner type) F M , male, age 6 years, 
acutely ill Temperature was 104° F Preceding admission to the hospital 
there had been diarrhea, fever, and headache of 2 days duration Stool 
culture yielded Flexner dysentery baullus, and 3 weeks later the blood 
serum agglutinated a standard antigen of this orgamsm The curves in 
Figure 6 are from a blood sample taken on the day of admission The mor 
game P rose shghtly during the first 3 hours before glycolysis was completed, 
but the pattern of the curves is nearly normal 



Fig S Uppbr Respiratory Infection 
J McC , male, 3 years Sj and Pi, from blood taken during the acute 
infection Si and Pi, from blood taken 5 days later, after recovery 

Case 7 Figure 7 Typhoid Jeter W S , male, age 3 years Acute onset 
of symptoms was 2 weeks previously Stool culture yielded B typhosus, and 
the Widal test became positive There was a typical course of typhoid fever, 
moderately severe, with slight improvement at the time the blood sample was 
taken for the glycolysis studies Temperature at this time was 101° F , and 
fell to normal about 10 days later Glycolysis and inorganic P curves were 
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Fig 9 Lead Poisoning 

R S , male, 18 months, blood sample tahen 20 hours antemortem 
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H H , male, 7 \ears, Si and Pi, from a blood sample taken at time of ad- 
mission to hospital, S: and P;, from a blood sample talcn a week later 

cssentialK normal, although the rate of gljcoljsis was slighth accelerated (21 
mgm per cent loss per hour) 

Case 8, Figure 8 Lead possorirg K T, male, age 18 months ffistorj 
of eating paint from furniture Patient had been %omiting once a da\ for 2 
weel s and became stuporous 24 hours before admission to the hospital There 
V ere no con\ulEions (until after this blood sample was taken) Patient had 
fe\er and mild pharwngitis Stained blood film showed man> stippled cells 
Patient died 2 da\ s after admission 
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Case 9, Ft^ure 9 Lead ptnsomng R S , male, age 18 months History 
of eating paint. Onset of symptoms with occasional vomiting was 2 months 
previously Two hours before admission the infant vomited, became uncon 
saous and was having continuous mild convulsions when brought to the hos 
pital Stippled cells 4 2 per cent. Patient died 24 hours after the blood 
sample was taken for glycolysis studies Glycolysis was rapid, 39 5 mgm per 
cent loss per hour 

Case 10, Ftgure 10 Hyperglycemia of encephaUtis, vnth recovery H H , 



Fig 11 Acute Nephritis 

J K,, male, 10 years, on verge of coma blood sample taken about 12 hours 
antemortem 

male negro, age 7 years, admitted to the hospital in an unconsaous state with 
a history of sudden onset of convulsions beginning 2 hours previously Tem 
perature was 102'* F Spinal fluid contained fresh blood, but was stenle on 
culture On the second day he was quieter, but did not regain complete con 
saousness until the 8th dav Right-sided weakness persisted for about 2 
weeks Patient was discharged from the hospital after 3 weeks seemingly 
perfectly well 

In Figure 10, Si and Pi represent respectively sugar and inorganic P changes 
in the blood sample taken 1 hour after admission The blood sugar was 336 
mgm per cent, the hyperglycemia being due presumably to some mexungeal 
untation The curves Sa and Pt represent changes in sugar and inorganic P 
in a blood sample taken 1 week after admission when the boy was quiet with 
normal temperature This figure may be compared with Figures 3 to S in 




Fig 12 Pyelonephritis, uith Rnco\ER'i 
1 S, female, 2’ \ears p\una and fc\er. Si and Pi, from blood sample 
taken at time of Tdmi«‘=ion, S; and P;, from blood taken after rccovcrj 

nonprotcin nitroqcn was high and coma, conaulsions and death ensued a fcv. 
hours after this sample v.as taken The gl>coKtic rate was normal (14 mgm 
pc' cent per hour), but the inorganic P in the blood was 12 6 mgm per cent 
and increa'^ed from the start of incubation 

Cu'c 12, Ft^ ire 12 PyelorepJ rsl:s, vrtJ Tccer.ery I S, female, age 2\ 
Ma-' Hi^iora of illness of 'cte'al vccls, with marked p>uria At the time 
of admi'^-ion to the hospital there was marled diminution of urinary secretion 
Til girl w as d-o \s\ and had slight haperpnea The blood nonprotein nitrogen 
V a"- ^4 mgm pc' cent In Figure 12, the curaes Sj and Pi represent changes 
tf the ‘^uc'r and iro'gan’C P in a blood sample tal en at the time of admission 
In :h ^ bVxjd gla colas ' aaa^ rap d and the inorganic P increased rapidly from 
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Fig is Gastro-intestinal Intoxication 
^ E , male, 4 months, acutely ill 


G1 coK ‘i": in the b'ood sample tal cn at the time o( admission v.as accelerated, 
2'5 S pc' cent lo’s per hour, and the inorganic P rose slonI> from the start 

o^'incabaaon of the blood 

Cc’' 14, Fij: re i 5 Gcslro~tr>esitrcl trloxicctw' R H , male, age 7 
adri'ied v-nth histo'N of mild diarrhea for 3 wcohs, and \omiting 
di.n'’g t‘ 5 daj; V. eight 16^ pounds Temperature was 101° F The 
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infant nas drowsy, and the breathing alow and qmet There were signs of 
recent loss of w eight The shin n as dry and inelastic, of gray ish color Pa 
tient died 5 days after admission In the blood sample taken at the time of 
admission the blood glycolysis was accelerated 32 mgm per cent loss per hour, 
and the inorganic P rose from the start of incubation 

Case IS Figure IB Gaslro intestinal tnloi-icattoii A E male aged months, 
with history and symptoms similar to the last two infants desenbed but ap- 
parently less se\ ere The sugar and inorganic P cun es are from a blood sample 
taken at the time of admission another blood sample taken 6 days later after 
the signs of intoxication had disappeared, gave normal curves 



Fig 16 Gastro intestinal Intoxication 
E B male, 3 months acutely ill, almost moribund with marked dehy 
dration and acidosis 

Caseie FtgurelO Gastro intestinal tnloxtcalwn E B , male age 3 months 
adnutted to the hospital almost moribund, with a history of marked diarrhea 
and vomiting of 6 days duration The infant was markedly dehydrated the 
eyes sunken the skin dry and inelastic and of dusky gray color "Respirahons 
were deep and labored Blood nonprotein nitrogen 92 mgm per cent serum 
38 
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Iron tiu ■'tirt nu ulntnni 

lU'-Ct ‘-<'ION 

I lie -'lunilK anct anti funetttm of blooti ^KtoK^i*. in tlic total t irlio 
li\ (irate inetaboh^-ni of tlie bode i>^ not \et elcarK elciinetl 1 lit studies 
of Warbiirf; and man\ others lia\c shown that pKcol\sis has a fiinda- 
niental importance in tlio ph\siolop\ of tlie tissue cells, constituting part 
of the lesjiiratore c\ile of the cells (l)ickens and Smier (Id^Ol), and 
\\ .irbnrg (102a) sjiowed that gl\coI\ 5 is ser\cs as a \alitable index of the 
metabolic acti\it\ of xarious tissues Rlood cannot be regarded as an 
inert t irncr, and in \ie\\ of its bulk it would be surprising if its own 
met ibolic actiMties were not of considerable importance in the total 
metabolism of the bode Aside from the possible quantitatiee impor- 
tance, howeeer, the mechanism of g!\col\sis ma\ well ha\e a considerable 
significance in reflecting something of the nature of the chemical reactions 
which occur within the tissues 

\ariations in the rate of ghcoljcis mn\ be due to clnmgcs in con- 
centration of the en/vmc or en7\mes responsible for carious steps in the 
lirmess, changes in concentration of the substrate (the blood sugar), 
changes in concentration or nature of other substances (such as phos- 
jilntes) which ma\ be essential to these reactions or clianges m thcmit il 
factors (such as the acid-baee equilibrium, shifts of pH, etc ) which afTeei 
and goetrn the en^eme actmties As stated in the preceding paper, it 
ippcar-- that most of the gh cole sis is due to the erethroi^tes [ etico- 
c\ te- abo haee high ghcoh tic power, and this might be regarded as \er\ 
-ignilicant since an accelerated gl\ cole tic rate ma\ he obsereed in most 
blofub with <1 high leucoce tosis, but Schmitz and fjloecr 1 1927) in stud\ - 
ing 7 cists of leukemia found that, although the rate was rapid in the 
blornl of the'C patients there was no real correlation between the number 
of white cells and glecoKsis Probable the most important factors re- 
sjvm'-ible for alterations of gle cole sic and alterations of the behaeior of 
the blot d phosphorus during glecolesis as desenlied here, mae be found 
in ihange- in the chemical state of the blood eehich affect the en/eme 
re letions M irthnd H925) suggested tliat the high conct ntr.ition tif 
ino'ginit pho-jihoru' in the blood eehen ob=ereed in states of acido-'is in 
m me disc i-es might lie due to the fact that a shift in the reaction of the 
b!i«vi toevirds aeidite diminishe- phosphoric t>ter s\nthe-is and leaet-- 
the ino'w iriK {ihfispho'u- ini re ising in the blood liecaii-e of tsier-h\ tirole - 
I’l'O'jihonc t-ie- hedroK-is oct ur- oetr .i r.ingt of pH 60 to 9 (; 

Pona md 1 ea-aki 1927 1 ), e\ hile ester s\ nthe-i- 1 = extremele smsitiee 
.<t such eh 'ng< ' fteirg inhib ted b. ane shift of pH bHov 7 1 'M inland 
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(1925)) and stopped below pH 6 8 (This has been discussed bnefly in 
the preceding paper ) 

When dealing with substances of the blood which are known to be 
extremely labile, it should be recognized that the values obtained from 
their measurements are not static for example, a giren concentrabon of 
blood sugar in a diabebc has a different significance when that sugar is 
increasing than when it is decreasing The element of change, and rate 
of change tn mvo in such circumstances can be brought out only by re 
peated blood sugar determinabons made at short intervals The changes 
in blood constituents which are observed in vitro as in glvcolvsis, may 
not be identical with changes which occur in vivo but by study of such 
changes at least one set of chemical reactions characteristic of a given 
sample of blood may be analyzed The blood of the infant in Figure 16 
had an inorganic phosphorus content of 6 1 mgm per cent, only slightly 
above the usual value for a normal infant of this age, but this inorganic 
phosphorus was in a state of rapid increase, due to the splitting of organic 
phosphorus compounds within the cells Whatever may be the cause of 
the increased hydrolysis of the phosphoric esters (or partial failure of their 
resynthesis) this increased rate of liberation of inorganic phosphate under 
such circumstances must have a considerable importance tn the total 
phosphorus metabolism and also in the aad base equilibrium of the whole 
body Normally the inorganic phosphate in the blood is kept at a fairly 
constant level, and constitutes only 2 5 m Eq of the total aads (160 
m Eq ) of the serum Except in extreme conditions (in uremia, for ex- 
ample) the inorganic phosphorus rarely increases to more than double 
Its normal value a concentration that has been considered rather negh 
gible compared to the increases of other acids observed in severe aadosis 
due to different causes (Peters, Wakeraan Eisenman and Lee (1929)) 
The maintenance of the inorganic phosphorus at such a constant level 
is to a considerable degree a function of the kidneys, and the importance 
of the urinary excretion of phosphates to the acid base equilibrium of 
the body is well known Part of the inorganic phosphorus freed in the 
blood from both blood and tissue cells, is resynthesized to organic com- 
pounds An increased speed of liberation of inorgamc phosphorus must 
place a considerable burden upon the adjusting mechanisms which are 
responsible for keeping constant the level of inorganic phosphorus m the 
blood, and herein may he the chief significance of the changed pattern of 
reactions displayed in the figures 

The formation of lactic acid dunng glycolysis m these bloods was not 
determined but it has been repeatedly demonstrated by others that m 
blood glycolysis each molecule of sugar is split to two molecules of lactic 
acid Relatively little oxidation of the lactic acid occurs as it is formed 
durmg glycolysis in vitro, but in the body the lactic aad is caused to 
disappear from the blood by processes of oxidation and also by its resyn- 




GEORGE iURTIN GUEST 


587 


Rona, P, and Iwasaki, K, Biochem Ztachr , 1927 clxvxiv, 318 Beitrflge 
zur Frage der Glykolyse, VII Mitteilung Ober die Beziehung der 
Vcrteilung des Phosphors im Blute zur Glykolyse 
Schmitz, H L , and GIo\ er, E C,J Biol Chem , 1927 Ixxiv 761 Glycolysis 
in Leukemic Blood 

Warburg 0 J Cancer Research, 1925 ix 148 The Metabolism of Cara 
noma Celle 




INCREASED ELASTIC TENSION OF THE LUNG IN 
EXPERIMENTAL PNEUMONIA 

By C M van ALLEN and C \VU 

(From the Departments of Surgery and Radiology Fetptng Union Medical College 
Petping China) 

(Received for publication January 30, 1932) 

A well recognized phenomenon of pneumonia is reduction of respira 
tory motion on the side of the chest occupied by the lesion Restriction 
of costal movement is usually plainly apparent to the bedside observer, 
and this together with elevation and restnebon of the hemidiaphragm 
may be disUnguished by aid of the x-ray (1, 2, 3, 4) Our own observe 
bons of these signs in man, which are to be published elsewhere, were 
assisted considerably by the use of a double exposure roentgenographic 
method (5) whereby the shadows of the pulmonary environs at inspira- 
tion and at expirabon were supenmposed on the same film for compari- 
son The nbs and diaphragm on the side of the lesion were shown 
charactensbcally to move less than normal and to confine their excursions 
to the expiratory porbons of their normal ranges of mobon, even during 
maximum efforts to inspire When pneumonia was limited to one lobe, 
the nbs overlying that part were often more restneted than were those 
over the normal lobes on the same side The diaphragmabc dysfunebon 
was usually greater when the lesion was in the lower lobe than when it 
was in the upper, and was greatest when the enbre hemilung was con 
solidated to some extenb On the other hand, the diaphragm moved 
normally in many cases when only one lobe, whether the upper or the 
lower was involved Somebmes the heart shifted slightly toward the 
diseased lung at inspirabon, while it occupied a normal posibon at ex- 
pirabon 

Three causes have generally been assigned for the abnormahbes of 
respiratory movement in pneumonia, namely, reflex spasm or inhibition 
of the respiratory muscles, blockage of the alveoli and ducts with inflam 
raatory exudate, and collapse of the alveoli In the presence of sharp 
pleunbc pain the intercostal muscles become obviously spasbe from both 
voluntary and involuntary protecbve reactions but without the pain, 
although breathing movements are greatly reduced on the side of the 
lesion, spasbatv is less well defined or cannot be demonstrated at all A 
certain amount of evidence is available to suggest that under the latter 
conditions the muscles are inhibited Heuer and Holman (6) and others 
(7) have shown that arbficial sbraulabon of the central stump of a 
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dn ided ^ agus ner\ e in animals causes the diaphragm temporarily to cease 
mo\ing and to assume the elevated position of complete relaxation, and 
thev interpret the effects as due to inhibition of the phrenic nenous 
centers Furthermore, Newburgh, Means and Porter (8) found that in 
pneumonia the Aagi cam' centripetal impulses w'hich act upon the re- 
spirator,' centers to render the respirations shallow and rapid It may 
well be, therefore, that the reduction of costal and diaphragmatic excur- 
sions which is under discussion is produced by inhibitive impulses from 
the lungs (2) The second and third causes for the abnormalities of 
breathing are perhaps more manifest than the first, since w'lth the alveoli 
rendered unavailable for reception of air, either because they are filled 
with exudate or collapsed, that part of the lung cannot expand at inspira- 
tion and probably impedes the expansion of the adjacent region of the 
thoracic parietes A common observation at autopsy is that consoli- 
dated areas in pneumonic lungs expand poorlj' or not at all when the 
lungs are excised and then inflated by blowing into the trachea (9, 10) 
The space normally intended for air is occupied by fluids Coryllos (10) 
believes that atelectasis occurring in the early stages of pneumonia is 
chiefly responsible for the changes in position and motion of the breathing 
parts 

The changes m breathing in our clinical cases were not always easily 
explained bv these hypotheses, because they w'ere often found before any 
consolidation of the lung w'as demonstrable and remained for some time 
after consolidation and all outward signs of pulmonary irritation had 
gone In one instance elevation and confinement of the diaphragm per- 
sisted for more than three weeks after complete reaeration of the lung 
had occurred and cough had disappeared Reflex nervous inhibition 
could account for the changes during the preconsolidative stage, for the 
lungs W'ere then distinctly catarrhal, but that seemed probably not to 
be the cause for them late in the recovery period An hypothesis hitherto 
unconsidered presented itself, that alterations in elasticity of the lung 
parenchvma occurred at these stages of the disease and were chiefly 
responsible This seemed the more likely because soft tissues in other 
parts of the bodv become stiffer than normal during, and for a peiiod 
after, the presence of acute inflammation, and because increased elastic 
tension of the pulmonarj' alveolar and lobular septa at the pre- and post- 
consolidatix e periods of pneumonia w'ould be expected to increase the 
resistance to pulmonary inflation and impede the excursions of the thoracic 
panetes 

The elasticity of the lungs has been the subject of much investigation 
Perhaps the best work on the normal lungs is that of Cloetta (11) As 
to the pathological changes in this property, interest has centered pnn- 
cipalh in the loss of tension in emphjsema (12, 13, 14) The statement 
that the elastic tension is increased in pneumonia appears here and there 
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in the literature (IS), but few waters have made direct measurements 
to prove the truth of the assertion Peris (14), in 1869, attached a 
manometer to the trachea of human subjects dead of vanous diseases, 
then opened the chest and read the manometnc pressure produced by 
the recoil of the lungs He found greater pressures m cases with pneu 
monic consolidation than in those with normal lungs However, he was 
not satisfied with the results because of the postmortem changes that had 
occuaed before autopsy, and others (14) have not accepted them for the 
same reason Coryllos states, and it is our expenence too, that human 
lungs at autopsy frequently leak air from the pleural surfaces on inflation 
so freely as to interfere with the results of such experiments Bittorf 
and Forschbach (16) insufflated the trachea of human subjects with air 
after death without opening the chest and measured the pressure neces 
sary to expand the chest They found increased pressures m the pres 
ence of pneumonic consolidation Tendeloo, Hennemann and Metz (12) 
tested stnps of tissue excised from the cortex of lungs of man The 
length of each strip was measured, the stnp nas stretched momentarily 
to a certain degree, and the length after relaxation was deternuned The 
degree of approach to the initial length was used as the index of elas- 
tiaty The speamens from consolidated lungs proved considerably less 
elastic than those from normal lungs Apparently only Joannides and 
Stemman (17) have paid attention to the nonconsohdative stages of pneu 
moma They reported from microscopic study of the living dog’s lung 
that the alveolar walls were thicker and seemed to stretch at inspiration 
less easily than normal when pneumonia was incipient and the air spaces 
and passages were shll patent 

The expenments to be descnbed were designed to determine from 
freshly exased lungs of dogs to what degree the pulmonary tissues develop 
increased elastic tension in pneumoma, especially before and after the 
penod of consolidation, and how much this affects the gross pulmonary 
expansion Dogs were chosen as subjects because they are known, after 
proper intrapulmonary inoculation, to run a course of pneumonia that 
closely resembles the spontaneous lobar pneumonia in man 

EXPERtltENTAL MATERIALS AND METHODS 

Pneumonia was produced in 13 dogs by the method of Terrell Robertson 
and Coggeshall (18 19) with the modification that inoculation was done with 
the aid of bronchoscopy The bronchi of the nght lower lobe were examined 
by X ray from day to day Three were sacnficed at what seemed to be the 
height of pneumonic consolidaUon 3 to 7 days after inoculation and the re 
maimng fire were aacnficed 2 to 6 days after disappearance of consolidation 
which was 14 to 17 days alter inoculation ‘ The animals were electrocuted 


1 ‘ As a rule wnthin 24 hours after inoculauon typical consolidation of the in 
jected lobe has occurred The disease runs a febnle course of 3 to 7 days 

the pneumonic lesion either remains localized in one lobe or spreads from lobe 
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to a\ Old the agonal changes freqiienth produced in the lungs In other methods 
of killing \utops^ i\as begun b\ exposing and clamping the trachea in the 
neck The chest iias opened and the lungs i\ere examined, special note being 
made of the relatne sizes of the lower lobes, inflated as thev then were to the 
degree of passu c expiration* All \cssels supphmg the lower lobes were 
ligated to retain the fluids, and the lungs were remo\cd cii viassc from the 



Fig 1 Apparatus FOR Inflating Excised PuLMONARt Lobes WITH Equal, 
Measured Pressures of Air and Determining Their Volumes 

The \olumetric chamber is represented at /I It is shown again at B with 
co\er and platform lifted for insertion of a lobe At C are two lower lung 
lobes attached to the same system of tubes and sjringe for inflation The 
manometer which is connected at rii is not shown The tube at p is opened 
for admission of air to the svnnge, and the tube at t is opened only when the 
tube at p IS closed for injection of the air into the specimens 


to lobe This experimental disease resembles the natural disease in humans 
in the manner of spread of the lesion, the localization of the process, the im- 
mune response, the abrupt termination of the disease by crisis, lysis, or death, 
and the rapid regression of the process after recor ery W ith the et olution 

of the disease the lesion progresses through the different stages observed in the 
human pneumonic lung ” (IS) 

Manr more dogs were inoculated than those enumerated above, but they 
were discarded, either because x-ra^ examination during life or after death 
showed pneumonia in the left lower lobe or only abortive pneumonia in the 
right lower lobe or because the lobes were accidentlv’ punctured at the time 
of removal and leaked air on reinflation 

"Attempts were made in the earlier expenmen ts to measure accurately the 
volume of each of the lower lobes m this state of inflation, but without success 
because the handling of the lungs inadent to their removal and preparation for 
such measurement necessanlj caused displacement of air from lobe to lobe and 
marked changes in size of the lobes 
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chest The stem bronchi of all but the two lower lobes were now ligated and 
then dnided penpberal to the ligature ivhich left the pnmary bronchi airtight 
and onlv the lower lobes attached The damp on the trachea was removed, 
the lobes were allowed to collapse, and a photograph and a roentgenogram 
were made Each pnmary bronchus was then ligated near its ongin at the 
trachea and was divided between the ligature and the trachea 

The \ olume of each lobe was obtained by immersion in water in a speaally 
constructed chamber (Fig 1 A and 5) This was a cylindncal metal \e8sel 
fitted with a spigot and co\cred wnth a conical plate that was ground to fit 
the top accurately The cover was perforated at the peah by a short tube 
A remo\able platform v.a% contained in the vessel The chamber was made 
ready for use by greasing the margin of the cover, fitting it in place and filling 
the chamber with water until the meniscus appeared at the top of the tube 
in the co\er The spigot was next opened and aulficient water was let out to 
enable the co^ er to be remo\ed and one of the lobes to be introduced under the 
platform without spilling any water The cover was replaced and the water 
that had been let out was poured through the tube back into the chamber until 



Fig 2 Apparatus for Inflating an Excised Lobe with a Measured 
Amount of Air and Determining the Intrapulmonary Pressure 
The tube at p is opened only to adjust the water level in the burette to the 
lowest mark on the scale and then closed The tubes at t and P are opened 
and closed as necessary while pumping air from the burette into the specimen 
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the mcniccus appeared again at the top The \olume of \\atcr left o\cr was 
taken as the \ oliime of the lobe \fter measunng both specimens in this w a\ , 
the ligatures were remo\ ed from the bronchi and the bronchi were applied and 
held with ligatures on two limbs of a T-shaped cannula The other limb of 
the cannula was connected with rubber tubes to a water manometer and a 
s\nnge (Tig 1, C) and the specimens were simultaneously inflated with air 
from the syringe until all parts of the left (normal) lobe were inflated to an 
extent that was judged to represent natural, moderately full inspiration The 
pressure was then adjusted to 10 cm HsO bx remoxing a little air Each 
bronchus was ligated right next to the cannula, to maintain the inflation, and 
was freed from the cannula Once more each lobe was measured xolumet- 
rically , photographed and roentgenographed 

•\fter this the ligatures were taken off, the air was allow'ed to escape, and 
the bronchus of the right (pneumonic) lobe alone was cannulatcd and was con- 
nected to a water manometer, a sy ringe, and a burette which had been inverted 
and placed with the lower end in a dish of w'ater (Fig 2) The water lex el in 
the burette xx as adjusted to the low est mark on the scale, and then air x\ as draxvn 
from the burette by the sx ringe and deposited in the lobe until the noncon- 
solidated portions of the lobe xxere fully’^ inflated ’ The amount of air required 
to do this and the manometric pressure were noted The lobe was replaced 
by the other and the test xxas repeated, this time, hoxxexer, using only the 
amount of air injected into the first lobe 

Finally, the lobes were sectioned at numerous places, including the most 
consolidated and most air-containing regions, for gross and microscopic ex- 
amination 

The entire procedure, except for the inoculation, was applied to 5 other 
dogs, to obtain normal controls 

RESULTS 

The data thus obtained for each lobe of every pair included (1) the 
relatix^e size at natural expiration, (2) the absolute size at complete col- 
lapse, (3) the absolute size at inflation with equal pressures as at natural 
inspiration, (4) the pressure at inflation xxnth equal amounts of air, and 
(5) the gross, microscopic and roentgenographic appearances of the tissues 
The measurements from the four groups of dogs are given in the tables 

(1) Size at expiration The txvo lobes appeared to be very nearly, if 
not quite, the same size, whether pneumonia xx^as present or not and 
xxhatex'er xxas the stage of the lesion 

(2) Size at collapse In the control dogs the two lobes showed x^ery 
little difference in size, the greatest difference being 7 per cent In 3 
of them the nght lobe xxms the larger, and m 2 the left was the larger 
At the preconsolidatix'e stage of pneumonia the nght lobe was larger by 
6 to 11 per cent, at the consohdatix^e stage the nght xvas larger by 2 to 
34 per cent, and at the postconsohdatix'e stage the right xvas the same 
size as the left m 1 case, 2 per cent smaller in 1 case, and 3 to 9 per cent 
larger in 3 cases (Figure 4 ) 


^ Attempt was not made to equalize the xx ater-lex els of the burette before 
taking the manometne reading, because the difference of lex el was exactly the 
same xnth the two lobes and we were interested only in comparatixe pressures 
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(3) Size at inspiration The lobes from tlie control dogs had slight 
differences in size, the greatest difference being 8 per cent In 2 of them 
the nght was the larger and in 3 the left was the larger At the precon- 
Eohdative stage the left lobe was larger by 13 to 48 per cent, at the con 
BolidaUve stage the left was larger by 40 to 60 per cent, and at the post- 
consolidative stage the left was larger by 19 to 39 per cent (Figure 4 ) 



Fig 3 Roentgenographic Appearance op a Dog's Chest 3 Dats after 
Inoculation op the Right Lower Lobe with Pneumococcus 
The lobe (on the nght) is seen to be completely consolidated and the nght 
hemidiaphragm to be slightly eletated 

(4) Pressure at inspiration The lobes from the control dogs exhib- 
ited a fair degree of uniformity of pressure, the greatest difference being 
16 per cent In 1 of them the pressure was the same, m 2 that of the 
nght was the greater and in 2 that of the left was the greater At the 
preconsohdative stage of pneumonia the pressure of the nght lobe was 
greater by 23 to 38 per cent, at the consolidative stage that of the right 
was greater by 42 to 75 per cent, and at the recovery stage that of the 
nght was greater by 1 1 to 43 per cenL 

(5) Appearance The lobes of the control dogs had no significant 
alterations 
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A 



B 

Fig 4 The Two Lower Lobes of the Dog of Figure 3, Remo\ed 17 
DA^S \FTER InOCI-L\TION AND 7 DaAS AFTER DISAPPEARANCE 
OF Consolidation 

The lobes are collapsed at A and cNpanded at B, and the corresponding 
\olumes are inscribed Note the lack of consolidation in both lobes, the ap- 
proNimate equahu of size at collapse, and the smaller size of the inoculated 
lobe (on the nght in each Mew) at CNpansion 
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Both lobes of the inoculated dogs presented gross changes at the pre 
consohdative stage, the nght however, much more than the left. The 
nght lobe was redder than normal throughout, particularly along the 
medial border and about the hilus Numerous petechiae were scattered 
over the surface at vanous points, also more espeaally at the medial 
border and hilus The tissues were everywhere crepitant and seemed 
slightly heavier than normal Section showed the parenchyma to be red 
and wet in those regions with the greater surface changes, and to be prac- 
tically normal in other parts No consolidabon was discernible The 
left lower lobe presented slight superficial redness limited to the medial 
aspect of the hilic region and redness and wetness of the parenchyma 
beneath, but it ivas normal elsewhere The penbronchial connective 
tissues and lymph nodes of both lobes were somewhat edematous Mi 
croscopic examinabon revealed an air containing condition throughout in 
both lobes, except for a few small areas in the cortex of the nght lobe at 
the hilic region where a few of the alveoli were filled with erythrocytes 
and edema fluid The capillanes and smaller artenoles and venules were 
dilated with blood in many parts of the nght lobe but only in the hilic 
region of the left lobe In these places the alveolar walls were two or 
three times the normal thickness, due to the presence of dilated capil 
lanes increased interstibal fluids and a few lymphocytes The alveolar 
sacs were contracted to one-third or one fourth the normal size in most 
instances In other parts of both lobes there wras no alteration The 
bronchi and bronchioles were empty 

At the consohdative stage, the right lobe was one-eighth to four fifths 
airless The solid portions were sharply demarcated and occupied pnn- 
cipally the hilus and body of the lobe, while the air containing parts were 
mostly at the penphery The former were sw'ollen and dark purplish 
red with smooth lusterless surfaces Secbon presented a bulging, dry 
and granular surface in some parts of the consolidated parenchyma, a 
concave, dry and smooth surface in others, and a moist and somewhat 
crepitant zone at the penphery , while it showed the air-containing tissues 
to be without gross abnormality save for slight redness and wetness of 
the cut surfaces The left lobe was unaltered grossly except for a little 
redness and wetness of the tissues near the hilus The penbronchial tis 
sues and lymph nodes of both lobes were hugely swollen and edematous 
Microscopic study of the nght lobe showed wide areas of pneumonic 
consolidabon beside narrower ones of atelectasis The vessels were all 
markedly engorged and the bronchial passages, large and small, were 
choked with polymorphonuclear leukocytes ervthrocvtes, epithelial d6- 
bns and flmd SecUons from other regions showed the alveoli and 
bronchi free from exudate Here, for the most part, the alveolar and 
lobular septa were disbnctly thickened and the alveolar spaces were 
correspondmgly narrowed Again the septal thickemng was due to cap 
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lUary engorgement and interstitial accumulation of wandering cells and 
fluid The left lobe presented no histological changes except m secbons 
from the hilic region where the vessels were engorged and the alveolar 
septa were shghtly thickened 

All animals sacnficed at the postconsolidative stage exhibited at x-ray 
examination dunng the first week of the mfecbon complete consolidation 
of the right lower lobe At autopsy, however, there was extremely shght 
gross abnormality of the lungs This appeared only in two cases and was 
confined to the inoculated lobe Near the hilus were small red and wet, but 
crepitant, patches Otherwise the hght lobe appeared normal (Figure 
3 ) The peribronchial tissues on the right were moderately edematous, 
and the lymph nodes m this neighborhood and throughout the mediasti- 
num were markedly enlarged and succulent Fine bnck-red granules lay 
scattered abundantly in the mediashnal and pencardial membranes 
Histologically the parenchyma of both lower lobes was completely am- 
containmg, except for an occasional alveolus or small group of alveoli 
situated near the pleura in the nght lobe which was filled with clear fluid 
or was collapsed The capillaries and small vessels m all parts of this 
lobe were shghtly dilated, the interstitial flmds were slightly increased, 
and this caused the alveolar and lobular septa m most places to be dis- 
tmctly thickened The septal change was the chief charactenstic of the 
right lobe, and it was m most cases entirely absent m the left lobe 
(Figure S ) The pleural membrane of the nght lobe was also definitely 
thickened, due chiefly to proliferation of fibroblasts and somewhat to 
increase of interstitial flmds and cells 

CONCLUSIONS 

(1) The elastic tension of the dog’s lung becomes markedly mcreased 
in pneumonia withm a few hours after entrance of the organisms, before 
blockage of the air passages and spaces with mflammatory exudate, also, 
for several days after reinflation of the parenchyma. No conclusion is 
drawn as to the elastic tension dunng consolidation, since exudate m the 
bronchi and alveoh mterferes with the inflation required for the tests 

(2) The mcrease of elastic tension is probably due to thickemng of 
the alveolar and lobular septa and, m the postconsohdative stage, also 
to thickenmg of the pleura 

(3) The size of the lung is changed m pneumonia In the precon- 
Bohdabve penod, the infected lobe is larger than normal ‘ when fully 
collapsed, about normal m size when inflated at expiration, and smaller 


' ' Normal sue,” with reference to the right lobe, refers to the size of the 
left lobe, rather than to the absolutely normal size of the right lobe This 
basis of companson is the more pertinent of the two for the object of the ex 
penments The lower lobes of the dog lent themselves well for companson 
since they were normally very similar in size See Table 1 
39 




600 


ELASTIC TENSION OF LUNG 


than normal when inflated at inspiration In the consohdative period, 
the lobe is larger than normal at collapse, about normal at expiration, 
and smaller than normal at inspiration In the postconsolidative penod, 
the lobe is about normal in size at collapse and at expiration, and it is 
smaller than normal at inspiration 

(4) Increased elastic tension of the parenchyma is probably chiefly 
responsible for the decreased size of the right lobe at inspiration during 
the pre- and postconsolidabve periods Increased content of inflamma- 
tory products of the lobe is evidently responsible for the increased size at 
collapse dunng the preconsohdative and consohdative penods Block- 
age of the air passages and spaces with inflammatory products and foci 
of atelectasis (for the airless parts) and increased elastic tension of the 
tissues (for the air-containmg parts) probably act together to cause the 
decrease in size at inspiration dunng the consohdative penod 

(5) Without further study ® it cannot be said how much this increased 
elastic tension interferes with respiration dunng life, but judging from 
the magnitude of the effects on the distensibihty and size of the excised 
lobe which It causes, it may well be expected to curtail the respiratory 
movements of the nbs and hemidiaphragm adjacent to the inflamed part 
and to displace the mediastinum, to the extent to which these changes 
occur m clinical pneumonia 

(6) Since the lung shows unmistakable evidences of imtation through- 
out the penod of expenmental observation, it is possible that reflex 
nervous inhibition, as referred to in the introduction, occurs and con- 
tnbutes to the curtailment of respiratory movements in the pre- and 
postconsolidative stages of pneumonia, as well as in the consohdative 
stage 

COMMENT 

Our histological findings of interstitial cellular infiltration in the early, 
preconsohdative stage of pneumoma correspond with those of Blake and 
Ceal (20) in their research on pneumonia in monkeys They showed 
that after entrance to the large bronchi, the pneumococci quickly pene- 
trate the bronchial walls and travel to the penphery in the penbronchial 
lymphatics and connective tissues, produang their first parenchymatous 
lesions in those tissues Exudation into the bronchi and alveoli with 
consolidation follow^ that process 

It was said m the introduction that patients with inextensive pneu- 
monia occasionally show ed no detectable alterations of position and mo- 
tion of the pulmonary en\nrons Considenng increased elastic tension 
of the lung as the cause of the alterations, this is not surprising, for the 
powerful action of the respiratory muscles would be expected completely 
to o\ ercome small mcreases in elastiaty, at least as far zis their extnnsic 
influences are concerned 


* This study is now’ in progress 
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Whether or not extrinsic effects develop, certain mtnnsic ones would 
be expected to do so, in all stages of pneumonia and m all extents of 
that disease short of total mvolvement of the hemilung Since each half 
of the thorax is a single chamber filled with elastic pulmonary tissues 
and without partitions to prevent internal spatial rearrangements from 
taking place, the relatively tense inflamed parts of the lung should expand 
at mspiration less, and the unmflamed parts more, than normal This 
would shift some of the work of breathing from the former to the latter 
tissues During the consohdative stage of extensive subtotal pneumonia 
of the hemilung this shift occurs and is complete, as is well known, so 
that the alveoh of the unmflamed part become greatly over expanded 
and emphysematous, which is detectable during life by physical signs 
(Skodaic resonance, etc ) and after death by persistence of dilated alveoh 
m the collapised specimen as viewed at autopsy But m the consohdative 
stage of mextensive pneumonia where a wide field of normal hermiung 
remains to take over the function, and in the pre- and postconsohdative 
stages of mextensive or moderately extensive pneumonia where the func- 
tional shift IS partial, emphysema of detectable proportions would not 
be expected to develop and the reapporhonment of function that takes 
place might well go unnoticed WTiether the effect of increased elastic 
tension IS purely intrinsic or both in- and extrinsic, it is obviously an 
agent of rest for the inflamed tissues, which operates automatically from 
a very early to a very late penod of the disease It would be expected 
to act whether or not the inflammation progressed to consolidation 

The statement of the older pathologists that the pneumonic lung m 
man is larger than normal is baaed upon comparison at autopsy of the 
consolidated lobe with the collapsed, normal lobes This, of course, 
agrees with our findings in dogs 

The belief of Coryllos that the smaller sire of the pneumonic lung at 
inspiration is due to the presence of atelectasis may be true m the early 
consohdative stage of which he writes, as far as these data go, but at the 
pre- and postconsohdative stages it is clearly not due to atelectasis 

The elastic tension of the lung is known to become increased m an- 
other kind of pulmonary disease, namely, tuberculosis There it is often 
brought stnkmgly to one's attention when artificial pneumothorax or 
phrenic paralysis is induced, for then selective collapse and healing of the 
diseased segment of lung may occur This subject has been discussed 
at length recently byoneofus(21) It seems probable that the increased 
tension that is responsible for selective therapeutic collapse in this disease 
18 due m some part, too, to thickening of the pulmonary septa and mem- 
branes from dilatation of vessels and intersbtial deposits of inflammatory 
flmds and cells 
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TABLE 1 


Obserraljons on both lo-xer lobes of normal control dogs’ lungs 




1 1 

1 Volumes of lobes when 


Doc 

number 

Lower 

lobes 




Pressure^ in lobes 

Collapsed 

Inflated by equal j 

pressures of air 

when Inflated b> 
equal volumes of air 



CC 1 

tc. 

fn cent 
increase 

cm HjO 

1 

R 

51 

274 

437 

19 


L 

50 

275 

450 

19 

2 

R 

36 

237 

558 

24 


L 

38 

255 

1 

571 

20 

3 

R 

37 

222 

500 

28 


L 

40 

237 

492 

25 

4 

R 

57 

331 

480 

22 


L 

55 

315 

472 

24 

5 

R 

43 

268 

523 

20 


L 

42 

265 

531 

1 

22 


TABLE 2 


Observations on both lower lobes of dogs' lungs at the preconsohdahve stage of pneumonia 
tn the right lower lobe, 6 hours after inoculation 




Volumes of lobes when 


Dog 

number 

Lower 

lobes 



1 

Pressures in lobes 

Collapsed 

Inflated b> equal 
pressures of air 

when inflated by 
equal volumes of nlr 



cc. 

cc* 

per cent 
increase 

cm fftO 

1 

R 

24 

137 

471 

26 


L 

22 

188 

755 

19 

2 

R 

37 

155 

318 

24 


L 

33 

230 

597 

18 

3 

R 

30 

153 

410 

27 

1 

L 

28 

180 

543 

20 

4 

1 

R 

44 

243 

452 

26 


L 

40 

280 

600 

16 

5 

R 

49 

202 

312 

26 

i 

L 

46 

265 

476 

20 


SUilSIARY 

The fact is recalled that in chnical pneumonia may occur reduction 
of costal and diaphragmatic movements on the side of the lesion, together 
with lateral displacement of the mediastmum The causes commonly 
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given for this are enumerated and discussed, and it is pointed out that 
they ejcplam the phenomena well in the consohdative stage of pneumonia 
but not well in the pre and postconsohdative stages The hypothesis 
IS advanced that the phenomena in the latter stages may be due to m- 
crease in the elastic tension of the inflamed tissues 

Expenments with dogs are descnbed which show that inflamed pul- 
monary lobes at the pre- and postconsohdative stages of pneumoma 
possess markedly increased elastic tension, as indicated by reduction m 


TABLE 3 

Oismaiums on both lowtr lobes of do[s' lunts at the consoltdaine stage of pnenmonsa tn the 
nght loioer lobe, 3 to T days after tnoculaiton 





1 Votnmci of lobe* when 



Lower 

lobej 

1 

Fractkmt 




Presaore* In lobe* 

Qtnnber 

of lobet 
contoUdeted i 

CoCapted 

Inflated by eonal 
prtarore* of air 

when Inflated by 
equal volume* of air 


m 


cc. 

re. 

^0* ctnt 1 

cm SiO 

1 


4/s 

44 

87 

197 

28 



0 

29 

146 

S03 

8 

2 

19 

4/s 

49 

122 

249 

24 


■9 

0 

48 

250 

521 

6 

3 


1/8 

32 

106 

331 

24 

1 

■9 

0 

30 

272 

907 

14 


TABLE 4 

Observalums on both lower lobes of dogs lungs at the posiconsoltdaitoe stage of pneumoma 
sn the right lower lobe, 14 to 17 days after inoculation 


Doc 

number 

I-ower 

lobe* 

Volome* of lobe* when 

Preume* tn lobe* 
when Inflated by 
eqtxal volmnei of air 

CoQapaed 

Inflated by eqoal 
pteatnre* of ali 



ce. 

1 

cc. 

^ c*ni 
increau 

cat. SiO 

1 

R 

34 

170 

400 

19 


L 

34 

210 

518 

17 

2 

R 

4S 

214 

375 

28 


L 

41 

324 

690 

16 

3 

R 

40 

210 1 

425 

26 


L 

41 

342 

733 

19 

4 

R 

32 

134 

318 

25 


L 

31 

180 

480 

19 

5 

R 

36 

192 

433 

24 


L 

34 

256 

653 

1 

16 
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Size and elevation of the mtrapulmonary pressure at inflation of the lobes 
The increased tension appears to be due to thickening of the alveolar 
and lobular septa and pleural membranes from dilated capillanes and 
interstitial inflammatory fluids and cells The changes of elastiaty are 
great enough to account in considerable part at least for the alterations 
in movement and position of the pulmonary en\nrons that occur clinically 
in pneumonia 

The change in elasticity is believed to have the effect also of shifting 
some of the work of breathing from the inflamed to the normal parts of 
the lung The change is believed to be very similar to that which occurs 
in certain cases of pulmonary tuberculosis and which is responsible for 
selective collapse of the lung after pneumothorax and phremcotomy 
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THE EXCRETION OF INORGANIC SULPHATES 


By J M HAYMAN, JR., vrrm the technical AsswrAHCB of 
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{From the U K Cuihtni Laboratory of Exponmontal Medrano tn the Department of 
Mediotne of Western Reserve Unsvemty and the Medical Service of Lakeside 
Hospital Cleveland} 

(Recttved for pubbcation February 6, 1932) 

Among many estimationa of blood concentration and rate of excretion 
of various substances m the urme, relatively few have been concerned 
with inorganic sulphates These, regarded as waste products highly con- 
centrated in the unne, are usually classed with creatinine and many 
foreign bodies as " no-threahold " substances Cushny (1926), however, 
cautioned that "sulphates cannot yet be assigned a definite position as 
It 13 uncertain whether they should be placed along with phosphates (low 
threshold) or among the no threshold bodies ” 

After injection of sulphate and creatinine m rabbits, Mayrs (1922) 
did not find them concentrated by the kidney to exactly the same degree, 
although the ratios were so close he regarded it as strong evidence that 
they were excreted by the same process The slight differences in the 
concentration ratios he attributed to reabsorption from a glomerular 
filtrate of small amounts of even these substances duiing its passage down 
the tubule Poulsson (1930o) found the concentration m nuihgrams per 
cent of morganic sulphates in human unne proportional to the degree of 
concentration of the unne estimated by unne and blood creatmine, con- 
cluding that the two substances were ehmmated by the same process and 
concentrated to the same degree, i e , that sulphates had no threshold, 
or that little if emy diffused back through tubule cells Ambard (1931), 
likewise, grouped sulphates with the no-threshold bodies 

White (1923) on the other hand did not find any regular correspond- 
ence m concentration ratios of phosphate, sulphate and sugar m phlond- 
anized dogs and this led him to exclude these from "no threshold" bodies 
and to fall back on tubular secretion of sulphate 

Marshall and Crane (1922) found the excretion of sulphate mcreased 
by section of the splanchmc nerve, while that of creabmne was little 
affected They suggested that possibly some sulphate may be reabsorbed 
from the glomerular filtrate, or that additional sulphate may be secreted 
by the tubule cells 

The studies here descnbed were undertaken with the thought of 
checking the estimated volume of glomerular filtrate according to Reh- 
berg's (1926) creatmine technique by simultaneous determinationB of 
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Senira SOi Ultiti61tnite SO 4 

men ter cent 

mtrt per cent 0 / SOt 

44 46 

45 45 

48 SO 

These results led us to believe that we could estimate serum sulphates 
wth sufficient accuracy for the present study 

Most of the subjects were hospital patients without evidence of kidney 
disease, at rest in bed in the postabsorptive state The remainder were 
healthy staff members engaged in light laboratory work dunng the e\pen- 
ment An hour after the ingestion of 3 to 7 grams of creatinine the 
bladder was emptied, and the unne discarded After an accurately meas- 
ured time interval, usually an hour, the bladder was again emptied as 
completely as possible Blood samples were obtained at the beginning 
and end of the period of unne collection, allowed to clot and serum sepa- 
rated after centnfuging All analyses were made on serum Creatinine 
was estimated in each sample, the average being assumed to represent 
the blood level dunng the penod of collection The same procedure was 
followed for urea nitrogen in most instances, in a few evpenments pooled 
serum was used Sulphates were estimated in pooled samples except 
after injection of sulphates, when of course blood collected at beginning 
and end of penod of unne collection was analysed separately All analy- 
ses were made in duplicate, sulphates usually in tnplicate The analytical 
methods employed were serum sulphates by Power and Wakefield’s 
method (1931), unne sulphates by Fiske’s (1921) benzidine method after 
removal of phosphate and Folin’s (1905) gravimetnc technique, creati- 
nine in serum and unne by Holten and Rehberg’s (1931) modification of 
Folin's method, using a Burker colonmeter, urea nitrogen in serum and 
unne by Van Slyke’s (1927) manometnc method Known solutions were 
analyzed at frequent intervals 

After intravenous injection of sulphate, the rate of excretion per min- 
ute IS proportional to the blood concentration (Table III, Figure 1) The 
amount of sulphate injected vaned from 10-30 grams of Na 2 SO< 10 HiO 
This was dissolved in 50-150 cc of distilled water, autoclaved, and in- 
jected slowly by gravity or synnge dunng a period of 15-45 minutes 
The subject expenenced no discomfort, and no reaction of any kind was 
detected Five to ten minutes after the end of the injection, the bladder 
was emptied and the first blood sample obtained from the opposite arm 
immediately afterward An hour later, the first sample of unne and 
another blood specimen w ere obtained From one to four collections of 
unne, and tw'o to five blood samples were taken in different expenments 
The diuresis produced by these injections was only moderate — not as 
great as that follownng the ingestion of 1 5 to 2 0 liters of water The 
data presented in Table III are from five expenments on two subjects 
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TABLE in 

Relatton of inorgantc svlphatt excretion and serum tnoriantc sulphate 


Semin 

SO« 

Urine 1 

SO 4 1 

1 

Urine 1 

volume 

SO 4 

excreted 

Concentration 

ratio 

SO 1 1 

Concentration 

ratio 

oeadnine 

p*r jOOcf, 
•43 

74 

c£.p*rmfnu{* 
19 40 

tnpm. ptT minnlt 

1 5 

1 7 

10 0 

•43 

192 0 

161 

3 1 

44 6 

68 0 

10 8 

434 0 

3 85 

16 7 

40 0 

46 0 

15 1 

359 0 

6 18 

2222 

23 8 

274 

19 2 

309 0 

6 49 

20 0 

16 1 

21 9 

19 3 

746 0 

2 17 

16J 

38 6 

77 0 

22 9 

745 0 

3,37 

25 1 

32 5 

35 4 

234 

344 0 

8 95 

30 7 

14 7 

19 7 

38 1 

1352 0 

290 

39 2 

35,5 

46,2 

43 4 

672 0 

80 

S3 8 

1 15 5 

24J 


• No sulphate injected 



Fig 1 Relation of Inorganic Sulphate Excretion and Concentra- 
tion OF Inorganic Sulphate in Serum 
Abscissae, serum inorEanic sulphates, nulhgrams per cent SO» Ordinates, 
milligrams SO4 excreted per minute 

Fig 2 Relation of Concentration of Inorganic Sulphates in Ubune, 
AND Degree of Concentration op the Urine 
Absassae, concentration of creatimne m urine/concentration in serum 
Ordinates, unne morgamc SOi milligrams per cent. 

The estmnated volume of filtrate can be obtained by multiplying the 
creatmine concentration ratio by the unne volume. In these experi- 
ments, It vaned from 109-194 cc peh minute, and was above ISO m six 
determinations These are within the range found by Rehberg, but tend 
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to be higher than the 100-150 cc per minute usually found under normal 
conditions 

Under special conditions designed to insure maximum kidney func- 
tion, a relationship beti\'een blood concentration and rate of excretion 
similar to that found for sulphate has been shown in man for urea by 
Ambard (1931), McLean (1915), Addis (1922) and others and for creati- 
nine by Cope (1931) Such a linear relation is in accord with glomerular 
filtration of these substances, but is not evidence of absence of back 
diffusion — for if there were no back diffusion the rate of excretion of each 
at a gii en blood level should be the same, while in fact a higher rate is 
constantly found for creatinine than for urea (Cope (1931), MacKay and 
Cocknll (1930)) At high blood sulphate levels, the concentration index 
of sulphate approaches closely that of creatinine, although never quite 
equalling it At normal serum sulphate concentrations, however, the 
conditions are quite different 

In Table IV are presented the concentration ratio of the unne deter- 
mined by the quotient (concentration of creatinine in unne/average con- 
centration creatinine in serum during penod of unne collection), serum 
and unne concentrations of urea nitrogen and of inorganic sulphate in 
normal individuals with vanous degrees of diuresis None of the sub- 
jects received sulphate Vanations m unne volume were procured by 
wntliholding fluid for 1 2 hours and by ingestion of water For the greatest 
unne volumes a liter of water was taken dunng fifteen minutes, followed 
by 500 cc every half hour for three or four hours The estimated volume 
of filtrate per rmnute can be obtained from the table by multiplying the 
creatinine ratio by the unne volume It vaned from 99 to 226 cc per 
minute In the 44 determinations, it was below 100 cc once, between 
100 and 150 cc twenty-eight times, between 150 and 200 cc eleven times, 
and above 200 cc four times This agrees with the findings of Rehberg 
and of Cope The data indicate that sulphate is not only concentrated 
less than creatinine, but with five exceptions, even less than urea Three 
of the five instances in which sulphate was more concentrated than urea 
followed the intramuscular injection of pituitary extract Neglecting 
any possible reabsorption or back diffusion of creatinine, the proportion 
of the filtered sulphate and urea which is excreted can be determined by 
the formula given by Holten and Rehberg E% = UIPc 100 where 
U = unne concentration, P plasma concentration and c the concentra- 
tion ratio of the unne estimated by creatinme Such calculation shows 
an excretion per cent for sulphate from 12 9 to 70, average 25 8, and for 
urea 19 2 to 71 2, average 44 7 The sulphate excreted was less than 30 
per cent of that m the calculated filtrate in 34 of 44 observations, between 
30 and 50 per cent in 7, and greater than 50 per cent m 3 The urea 
excreted was below 30 per cent of that in the calculated filtrate in only 
4 instances The increase in excretion percentage of urea with diuresis 
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TABLE IV 


Concentratum raltos of creatinine inorganic sidphait and urea in normal pertons 


Name 

Urine 

-mlome 

Creati- 

nine 

ratio 

Berum 

SO 4 

Urfn« 

SO4 

50i 

ratio 

Semm 

urea 

nitrocen 

Urine 

area 

nitrocen 

Urea 

ratio 


cc, ptr 
minuU 


mrm ptr 

100 cc. 

mrm, per 
iOOcc, 


mem, per 
iOOct. 

ffifm. Per 
100 cc. 


w 

44 

286 

3.8 

322 

85 0 

13 8 

1332 

96 5 

Buch 

JS 

221 

46 

125 

27 2 

88 

632 

71 7 

JMH 

58 

260 

37 

192 

52 0 

12 2 

782 

64 1 

JMH 

64 

Z3S 

45 

130 

29 0 

19 0 

1120 

59 0 

JMH 

66 

172 

4J 

149 

35.5 

11 5 

380 

33 O* 

JMH 

67 

191 

4^ 

145 

32.2 




Bncb 

70 

199 

46 

114 

24 8 

88 

605 

68 7 

JMH 

76 

161 

47 

150 

319 

117 

683 

58 4 

Bach 

83 

119 

39 

87 

223 




JMH 

^7 

144 

4^ 

136 

30.2 




Buch 

1 16 

112 

39 

64 

16 4 




Tuck. 

1 18 

159 

44 

91 

20 7 

14 1 

679 

48 1 

JMH 

U3 

130 

38 

114 

30 0 

13 9 

655 

47 1 

B 

1 26 

128 

36 

266 

73 9 

11 4 

470 

414* 

Viet 

1 32 

85 

49 

1S6 

32 0 

13 6 

584 

43 0 

JMH 

U3 

111 

38 

97 

254 

13 9 

588 

424 

Buch 

141 

101 

39 

82 

21 0 




p 

161 

68 

43 

192 

446 

97 

195 

20 0* 

JMH 

177 

90 

4J 

70 

IS 5 

15 5 

574 

37 0 

Buch 

179 

66 

46 

66 

144 

10 7 

378 

354 

L 

191 

66 

51 

141 

27 6 

10 0 

231 

23 1 

JMH 

210 

78 

3^ 

59 

15 5 

13 9 

452 

324 

K. 

2 21 

61 

29 

65 

22 4 

10 9 

335 

30 7 

Buch 

2 52 

SO 

46 

48 

10 4 

11 0 

292 

26 6 

T 

2 59 

54 

40 

70 

174 

11 6 

314 

27 0 

Bailey 

2 70 

44 

62 

54 

87 

15 5 

366 

23 6 

Buch 

2 73 

58 

46 

38 

83 


272 

25 4 

JMH 

3 71 

48 

44 

39 

87 

154 

326 

21 4 

Lutz 

3 80 

34 

49 

32 

6.5 

16 9 

259 

154 

Buch 

5 07 

26 

46 

16 

3.S 

lOJ 

153 

14.8 

Bailey 

5 25 

23 

54 

23 

43 

144 
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EXCRETION OF SULPHATES 


IS not shown for sulphate The calculated concentration of sulphate m 
the reabsorbed fluid is always less than the blood concentration After 
intravenous injection of sulphate (Table III), the excretion percentage is 
Eomev. hat higher than at normal blood sulphate levels, reaching a maxi- 
mum of 92 per cent, but in spite of this the actual amount of sulphate 
diffusing back from tubule lumen is also greater The calculated con- 
centration of sulphate in the fluid reabsorbed after sulphate injection is 
likewise always less than the blood concentration, and the concentration 
index for sulphate remains within the normal range A similar limitation 
of concentrating power for urea was found by Drury (1923) after injection 
of urea in rabbits After injection of phosphate its concentration index 
also approaches that of creatinine, although at normal plasma concen- 
trations It IS considerably lower, and according to Havard and Reay 
(1926) may even fall below one dunng copious diuresis We have never 
encountered unne with a lower sulphate content than blood 

Abov^e a unne volume of about 2 cc per minute the excretion of sul- 
phate IS apparently independent of unne volume, the concentration in 
the unne showing a linear relation to the concentration index of the 
unne as determined by creatinine (Figure 2) This confirms Poulsson’s 
findings, but if regarded as evidence of lack of back diffusion of sulphate, 
leads to calculated blood sulphate contents from 12 to 40 per cent of those 
found by analysis With low unne volumes and high concentrations, the 
excretion of sulphate diminishes This is similar to the findings for urea 
of Austin, Stillman and Van Slyke (1921), and Moller, McIntosh and 
Van Slyke (1928) Indeed, when the quantity unnesulphate/blood sul- 
phate X unne volume, representing the number of cubic centimeters of 
blood whose sulphate content is contained in one minute's unne, is plotted 
against unne volume, curves of the same type are obtained as those 
plotted by Moller, McIntosh and Van Slyke for urea excretion (Figure 3) 




Fig 3, A and B Sulphate Excretion Curves from Two Normal Sub- 
jects Plotted as Moller, McIxtosh and Van Slvke’s 
Curves for Urea Excretion* 

•Vbsassae, square root of unne v olume (cc per minute) Ordinates, cubic 
cenumeters of blood cleared of inorganic sulphate by one minute’s excretion 
{hVjB, t\here h — concentration inorganic sulphate in unne, B = concentra- 
tion in serum, and F = cc. unne per minute) 
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There is more scattenng of the pomta m these charts than m similar charts 
for urea excretion This is probably attnbutable to the fact that our 
blood sulphate analyses are not as accurate as the analysis for urea nitro- 
gen The " augmentation limit,” or unne volume above which increased 
diuresis does not lead to mcreased excretion, is apparently between 1 and 
2 cc per minute, which agrees with the range 1 67 to 2 S5 found for urea 
excretion by Mttller, McIntosh and Van Slyke. 

The explanation offered by Holten and Rehberg for the relationship 
of urea excretion and unne volume, namely, that extent of back diffusion 
IS not stnctly proportional to volume and concentration of the unne, but 
IS relatively greater with diuresis, may also be offered for sulphate 

The excretion of sulphate in nephntis appears to be of the same nature 
as m the normal (Table V) When blood sulphates are normal, the con- 
centration ratio of sulphate and creatimne have the usual relationship 
to each other while when blood sulphates are elevated the sulphate ratio 
approaches that of creatimne as it does after injection of sulphate m a 
normal person We confirm Wakefield, Power and Keith’s (1931) obser- 
vation that serum inorgamc sulphates are often elevated before urea 
mtrogen This is consistent with the view expressed here that back 
diffusion of sulphate is usually greater than that of urea On the other 
hand, in some patients with urenua and marked elevation of both blood 
sulphate and urea nitrogen, the concentration ratio and excretion of sul- 
phate may be greater than of urea nitrogen 

These studies do not prove the mechanism of excretion of morgamc 
sulphates In ordpr to prove that sulphates are eliminated by filtration 
their presence m glomerular flmd m the same concentration as in blood 
plasma would have to be established To prove back diffusion, it would 
have to be shown that they are less concentrated ^ the unne than some 
substance already shown to be elinunated only by glomerular filtration 
Evidence of tubular ehrmnation could only be obtained by showing that 
they were present m unne in greater amount than could possibly be 
accounted for by glomerular filtration Convmang evidence of glomeru- 
lar filtration has been presented by Richards (1929) and his assoaates, 
and proof of reabsorption of sugar and chlondes by Weam and Richards 
(1924) If behef in glomerular filtration be accepted, creatimne after its 
mgestion and sulphate can be accepted as present in the filtrate The 
mcreased ehmination of creatinme with decreases m plasma proteins 
(Ni and Rehberg, 1931), the close agreement m concentration ratios of 
creatimne and sugar m the phlondzmized animal (Poulsson, 1930i), and 
the fact that the volume of glomerular filtrate necessary to account for 
the elimination of creatimne by filtrabon alone is not mconsistent with 
the area of filtermg surface (Vimtrup, 1928) and observed rates of passage 
of fluid through capiUary walls (Landis, 1927), makes it unnecessary to 
fall back on tubular secrebon to account for the eliminabon of creabmne 
40 
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EXCRETION OF SULPHATES 
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If inorganic sulphate is believed to be present in the glomerular filtrate, 
rates of excretion less than for creatinine seem most readily accounted 
for by diffusion of some sulphate ion from the lumen of the tubules into 
tubule cells during the process of concentrabon of the unne by the active 
reabsorption of water The elirmnation of such substances as urea and 
sulphate depends m part on the capacity of the tubule cells to resist this 
bai diffusion — to preserve a high concentration on the lumen side and 
a low one on the capillary side Our results indicate that this power is 
usually greater for urea than for sulphate. 

CONCLUSION 

1 Inorganic sulphates are less concentrated by the human kidney 
than creatmine, and usually less concentrated than urea. In accordance 
with a behef m filtration and reabsorption, this is regarded as evidence 
that some sulphate diffuses back through tubule cells 

2 After mtravenous injection of sulphate, the concentrabon rabo 
approaches that of creabmne. 

3 In nephntis with elevated serum sulphate, the excrebon resembles 
that m a normal mdividual after injecbon of sulphate. 
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INTRODUCTION 

The study of factors responsible for the development of edema in 
vanous disease conditions has led to the accumulation of much valuable 
data, but a fundamental understanding of the phyacochemical processes 
remams to a large extent obscure. Furthermore, a correlation of the 
mechanisms that are understood has perhaps been delayed by the tend- 
ency of vanous groups of mvesbgators to overemphasize a single mech- 
amsm The confusion is probably greatest m that type of edema seen 
most frequently in chrome nephnbs or nephrosis * and also m that known 
as "nutntional edema " 

The edema of chronic nephntis has been explained by one group of 
investigators upon the hypothesis that renal or tissue defects interfere 
with the ehmination of certain electrolytes and by another group upon 
the theory that the fundamental disturbance is a decrease m the protem 
content of the blood serum The chief exponents of the former school of 
thought are Widal (1), who pointed out the apparent mabihty of the 
kidney to excrete the chlonde ion, and Magnus Levy (2, 3), Leon Blum 
and hia pupils (4) and Falta (5), who have emphasized the apparent 
inability of the kidney to excrete sodium m the presence of nephrotic 
edema. In 1896 Starhng (6) opened the way for the altemabve concept 
when he pointed out that if the osraobc pressure of the blood serum in the 
capillaries fell below the hydrostabc pressure, fluid would be forced mto 
the tissue spaces and consequently could not be absorbed This idea was 
first applied to the mechanism of edema m renal disease by Epstem 
(7) in his studies of nephrosis In the past decade, as a result of 
extensive studies, Peters and his co-workers (8) have extended this con- 
cept and have shown the stnkmg parallelism between the protem content 
of the serum and a tendency to the development of edema. They have 
shown that this relabonship holds not only for nephrobc but also for 
nutnbonal edema where there is no reason to assume the presence of 


* In this paper the expression “nephrobc edema" will be applied to that 
type of edema found in pabents suffering either from true lipoid nephrosis or 
the so-called nephrotic form of chrome glomerular nephnbs. 
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KErHROTIC EDEMA 


kidnej damage Their findings are in accord wth the careful observ'’a- 
tions of Go\aerts (9) and of Schade (10) and also receive confirmation 
in the recent work of Leiter (11), Barker and Kirk (12), Weech and Ling 
(13), Paul Meyer (14) and many others 

WTiile the general parallelism between the presence of edema and 
decrease in the concentration of protein in the blood with its accompany- 
ing abnormality in the ratio, albumin/globulin, is sinking, certain factors 
disturbing to the assumption of a simple causal relationship have been 
encountered In 1923, the waters (15) found that edema of the ne- 
phrotic type might disappear completely without change in the concen- 
tration of proteins in the blood Since that time Van Slyke and associates 
(16) and others have observed the same phenomenon Paul Meyer (14) 
has gone a step further and found that edema of this type may disappear 
while the “colloidal” osmotic pressure of the serum actually diminishes 
significantly, whereas a nse would naturally be anticipated according to 
the osmotic hypothesis Unless, therefore, there is a staking drop in the 
hydrostatic pressure in the venous limbs of the capillaries in these cases, 
which does not seem likely, it is difficult to explain the process of edema 
on the basis of low serum protein alone Other facts difficult to explain 
on this purely osmotic basis are the expeoments of Magnus-Levy and 
of L Blum, which suggest that there is specific retention of sodium but 
not of potassium in certain edematous individuals From a purely os- 
motic or hydrostatic viewpoint, one would anticipate approximately equal 
retention of any monovalent ion with water This specific sodium reten- 
tion in nephatis has been frequently attributed to local kidney damage 
On the other hand in nutational edema it is difficult to conceive of the 
presence of local kidney changes and yet in this condition disturbances 
of water and electrolyte excretion similar to those present m nephrosis 
are encountered 

In view of this contradictory state of our knowledge, it has seemed 
worth while to study m prolonged and carefully controlled balance ex- 
peaments, the response to the ingestion of vaaous electrolytes in a 
patient wnth nephrotic edema and to contrast the behavior of this indi- 
\ idual wath the normal under similar arcumstances. 

J.IETHODS 

The methods emplojed for the determination of chlonde, total base (except 
that in the stool, food, and unne when the calaum was higher than normal, 
the calaum was remoxed and sodium, potassium and magnesium determined 
together), carbon dioxide capaaty, nonprotein nitrogen, phosphates, total ni- 
trogen and hematocrit are desenbed in an earlier paper (24) The calaum 
content of scrum, unne and stool was determined by the method of Clark and 
Collip (25) Potassium was determined by the method of Tisdall and Kramer 
(26) with the exception that the serum was ashed and that in the unne deter- 
minations 1 cc was ashed, made up to a \olume of 10 cc and 2 cc aliquots 
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analyzed Organic aads were determined by the method of Van Slyke and 
Palmer (27) Ketones were determined by Van Slyke’s method (28) and 
creatimne by Folin’a method (29) For oxygen capaaty the method of Van 
Slyke and NeiU (30) was employed Sugar was determined by the method of 
Folin and Wu (31) Inorganic sulfates were estimated by Fiake's method (32) 
with the following alteration in the removal of phosphate the magneaura 
carbonate was added before instead of after making up to volume 15 cc to 

20 cc of filtrate were used, which after precipitation were centrifuged for 20 
minutes (2000 r p m ) instead of being filtered The precipitate was washed 
by adding one cc of 95 per cent acetone and mixing with a glass rod which 
was washed with 3 cc. of acetone and centrifuged for 20 minutes This was 
repeated twice, 5 cc. of water were added to the preapitate which was heated 
m a water bath until all odor of acetone was gone Titra table aads were 
determined as follows a standard of 10 cc. of M/5 phosphate buffer mixture 
at pH 7 4 plus three drops of 0 5 per cent aqueous neutral red was used 10 
cc of unne in a 200 cc volumetric flask with three drops of 0 5 per cent neu- 
tral red were titrated with N/lO sodium hydroxide and reported as milli 
equivalents of aad per twenty four hours The base bound to phosphate was 
calculated according to Gamble, Ross and Tisdall (33), and base bound to 
protein according to Van Slyke, Wu and McLean (34) 

PART I THE STUDY OF A PATIENT WITH NEPHROTIC EDEMA 

Delatls of the expenment 

A G number The patient was an Amencan born Jewish boy of 

21 whose family and past history were entirely negative except for the fact 
that his mother has hypertension Without any preceding infection, three 
months before admission the patient complained of mild generabred pruritus 
for a week and this was followed by the gradual development of massive edema 
of the face, abdomen genitalia and legs, for which the patient sought relief 
after eleven weeks at home. Physical exaimnation including the eye grounds 
was entirely negative except for the edema Blood pressure was 122/88 The 
unne always showed a heavy trace of albumin, speafic gravity vaned between 
1 012 and 1 030 The sediment contained granular and hy^m casta most of 
the time and very occamonally a few red blood cells On admission his phthal 
ein excretion was 40 per cent Routine blood counts and hemoglobin were 
normal The blood Wassermann reaction was negative. Dunng his stay of 
four and one half months in the hospital, the blood serum protein varied be 
tween 3 2 and 3 7 per cent blood urea between 0 71 and 0 23 grams per liter 
cholesterol between 440 and 233 mgm per 100 cc., blood calaum between 8 8 
and 9 5 mgm per 100 cc. The blood phosphorus was 4 8 mgm per 100 cc. 
The basal metabolism varied between — 26 and — 7 per cent The blood 
chlonde vaned between 100 and 119 m eq per Uter depending more or less on 
the type of therapy being employed While in the hospital he was given a 
diet Lgh in protein and contaimng less than 2 0 grams of NaCl a day He 
received many types of therapy, most of which were totally ineffectual in 
hanging about a diuresis Thyroid extract was gradually increased to 1 80 
grams daily without symptoms Coinadently with this thyroid admimstration 
and the ingestion of 12 0 grams of NH4CI daily the patient gradually lost 42 
pounds Thts dturests was not accompanied by any significant change in the 
concentratum of protein tn the blood serum On cdtntsjttm the serum protan 
concentration was 5^ per cent and after dturesis tt was S 7 per cent 
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Sccnrd adrrjsstoK Four v.ecks after his discharge from the hospital, the 
patient was readmitted to the hospital, having gained 32 pounds in spite of 
the dail> ingestion of 8 0 grams of NH 4 CI on alternate weeks Physical ex- 
amination was again cssentiall} negative, except for massive edema His 
unnar^ findings were unchanged and his blood count showed no significant 
abnormality The scrum protein concentration was 3 5 per cent, the blood 
cholesterol was 356 mgm per cent, his blood chlonde concentration was 110 
m cq per liter (probablv effect of daily ingestion of NH 4 CI) and the blood 
urea was 0 41 gram per liter His basal metabolic rate was — 27 per cent 

On admission, all medication was stopped, the patient was given a high 
protan diet containing less than 2 0 grams of NaCl a day He remained in 
bed dunng the entire penod of experimental observation On September 21, 
ten days after admission, a still more carefully controlled regime was instituted 
The patient was placed on a standard diet of 80 grams of protein and enough 
carbohydrate and fat w'ere added to make a daily intake of 2000 calories and 
to vncld a neutral ash The mineral content of the diet was calculated to con- 
tain the following amount daily K= 76 5 m eq , Na = 29 8 m eq , Ca 
= 20 5 m eq , Mg = 19 5 m eq , Cl = 19 6 m eq and P = 65 0 m eq cal- 
culated at pH 7 0 The patient ate identical meals every day of the penod of 
obscrv'ation and was given 1000 cc of fluid in addition to the water of the 
food The patient ate his entire quota of food every day and there was nev'cr 
any’ diarrhea The observations w’ere earned on in the autumn and no visible 
sweating occurred 

The studies on this patient were limited chiefly to the unnary response to 
the ingestion of the chlondes of potassium, sodium, ammonium and calaum 
Observations were made on the blood from time to time, the samples bang 
taken without the use of the tourniquet and delivered under oil When cal- 
aum chlonde was given the loss of these two ions in the feces w’as determined 
All analyses were made in duplicate The pH of the unne, titratable aad and 
XHj were determined daily Total fixed base, potassium and chlonne were 
determined for penods varynng from two to four days, as may be seen in 
Table 1 In the last two penods calaum was determined in the unne In the 
other penods Na, Mg and Ca were estimated together by the difference between 
total fixed base and potassium This seemed a justifiable procedure, as the 
amounts of these three ions formed, in most instances, only a small fraction 
of the total base excreted 


RESULTS 

In the forepenod which consisted of twelve days divided into units 
of three day’s each there were only minor fluctuations in the excretion 
of total inorganic base, K, Na -}- Mg + Ca as determined by difference, 
Cl, and NHj These constant rates of excretion obtained particularly 
after the third day’, as may be seen m Figure 1 and Table 1 There were 
distinct fluctuations in the unne pH and titratable aad indicative of 
irregulanty' in phosphate exaetion and possibly of varying degrees of 
proteinuna There were also fluctuations m the excretion of nitrogen 
Effect of the ingcslton of KCl Dunng the two days of penod V the 
patient was giv en 260 m eq of KCl mth marked changes m the composi- 
tion of the unne There was a drop in the excretion of NHj, the titratable 
aad decreased stnkingly with a comadent increase in the pH These 
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changes appear to be explained by the interesting fact that 66 per cent 
of the ingested potassium was excreted in these days while only 35 per 
cent of the extra Cl was ehminated On the first day of penod VI, 37 
m eq of KCl were ingested and then KCl administration was stopped 
In this penod (see Table 1 and Figure 1) the unne pH went down, the 
titratable aad increased and there was a sustained increase in the NH| 
excrebon accompamed perhaps by a slight mcrease m the base fraction 
Na + Mg + Ca This behavior of the unne may find its explanation 




Fig 1 Ukinary Response op the Nephrotic Patient to the Ingestion 
OF Various Electrolytes 

in the fact that dunng these three days only 17 per cent of the total K 
added to the diet was excreted whereas 43 per cent of the chlonne passed 
through the kidneys In other words, the reaction resembled that of the 
body to the ingestion of HCl or an "acid salt.' No diuresis resulted m 
this patient from this short penod of KCl admimstration 

Effect of the tngestton of NaCl Dunng the two days of penod VIII 
the patient was given 246 m eq of NaCl This was quantitatively re- 
tained by the body as is stnkmgly shown in Figure 1 There wras no 
apparent effect on the rate of excretion of NHj titratable aad, Na -F Mg 


TADLB 1 

Urine study in the patient with chrome nephritis 
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-}- Ca, or on the excretion of Cl The K excretion in this and the follow- 
ing penod seemed to be slightly decreased The pH of the unne was not 
influenced The patient gained 1 8 kgm as a result of the NaCl ingestion 
The difference between this edematous patient’s phjaiological response 
to the ingestion of the K and Na salts of the same acid is indeed impres- 
sne In the case of KCI, the cation and anion ware both eliminated, 
the former more rapidly than the latter This phenomenon may perhaps 
be explained by the much greater relative rate of '' reabsorption” of the 
chloride ion m the tubules of the kidney Differences in ionic mobilities 
wnll not explain the differential rate of excretions of the K and Cl lonsi 
as they are almost identical Chlonde given with the cation Na was not 
excreted at all 

Effect of the ingcsti07i of NHiCl During the four days of period X 
the patient was given 281 m eq of NH^Cl daily The excretion of NHj 
and of Cl rose enormously On the second day of administration of 
NH^Cl, the excretion of potassium increased about 25 m eq above the 
average for the control periods and the combined base fraction Na -H Mg 
-k Ca increased about 40 m eq and then fell in spite of the well sustained 
excretion of NHj and Cl It is of interest to note in this patient that no 
diuresis resulted from the administration of large doses of NH^Cl and 
that the loss of fixed base from the body was minimal in spite of a marked 
lowenng of the bicarbonate in the blood (to 20 0 m eq per liter) 

Effect of the ingestion of CaCh In period XII of the obsenmtions, 
the patient received 271 m eq of CaCls daily for four days As in the 
case of NH4CI adnunistration, there was an increase in NHj and titratable 
aad excretion and a definite increase in Cl output by the kidneys but 
the changes were much less marked, as is seen in Table 1 and Figure 1 
After four days, the concentration of HCO/ in the blood serum fell from 
27 5 to 13 5 m eq per liter without diuresis or a significant loss of fixed 
base from the body 

It IS of interest that stools collected for two days dunng the penod 
of CaCk feeding contained 209 m eq of Ca daily, whereas the total cal- 
cium excreted dailj by the kidneys in this penod was only 1 8 m eq a 
da\ In the control forepenod XI the daily unnary Ca excretion was 
only 0 2m eq , a ver>' low value indeed 

Effects of various electrolytes on the blood serum Chloride adminis- 
tered as KCI, NH4CI or CaCl« caused an increase in Cl concentration 
in the serum and the two latter salts when given in massive doses over 
some da\ s caused a sigmficant fall in bicarbonate In spite of the acidosis 
induced b\ NH^Cl and CaCl- no diuresis resulted This might be at- 
tnbuted to the low concentration of base present in the serum as seen 
m Table 2 Albright and Bauer (17), in a detailed study of a patient 
wath chronic nephrotic edema, concluded that diuresis was brought about 
b> raising the base concentration abo\ e a cntical level Peters expressed 
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TABLR 2 

Blood sorum studiet on Ike patient mik ckrontc nepkntu 


Date 

ToUl 

bwe 


Blcarbo* I 

cate ^ 

Chloride 

Gaum 

protein 

Resuirlu 


nutq ptr 

M. Cf ^ 1 

Uier 

wutg ptr 
lUtr 

•aeg -ptr 
UitT 

Pfr uni 


10~ 5 

146 5 


, 26 7 

107 0 

34 

After receiving 111 m eq 
KQ on October 4, 
1931 

10-19 

1 

148 0 

B 

20 0 

109 2 

40 

After receiving 281 m eq 
NH*Q daily for 3 daya 

11--12 

145 9 


27 5 

101 0 

30 

At end of control penod 
XI 

11-17 

145 0 

B 

13J 

116 6 

1 

34 

Afterreceiviiig271 m eq 
CaClj for 4 days 


the same opinion Osman (18, 19) has made sumlar observations but 
an interpretation of his results is confused by the fact that sodium and 
potassium bicarbonates were administered simultaneously and by the fact 
that no serum base measurements were made While the low concen- 
tration of base m the serum may be a factor m the inabihty of patients 
to excrete sodium chlonde, this alone cannot be considered the deter- 
tmmng factor, as the writers have observed a diabetic patient, whose 
serum base was reduced to 146 5 m eq per liter, become markedly dehy- 
drated while excreting over 200 m eq of sodium m the course of twenty- 
four hours In another diabetic 117 6 m eq of sodium and magnesium 
determined together were excreted m twenty four hours, while the con 
centration of inorgamc base m the blood serum was 146 8 m eq per liter 
The serum protem concentration was normal in both of these patients 
It 13 possible that when the morgamc base level of the blood serum is 
markedly reduced and when the concentration of protem m the serum 
IS simultaneously found to be low, difficulties in water and sodium excre- 
tion exist This statement offers no explanation but would seem to 
indicate that the problem deservmg further study is that of the factors 
which determme the conditions under which the sodium ion may be 
excreted by the kidney 

PART 2 THE STUDY OF ELECTROLYTE BALANCES IN A NORMAL ADULT 
There are numerous studies on the effects of vanous electrolytes upon 
human subjects in health and in disease Because of the tediousness of 
prolonged balance studies and the technical difficulties encountered m 
makmg complete and simultaneous analyses of food, urme, stools and 
blood most of the reports are mconclusive. For this reason and for the 
purpose of comparison of the behavior of the normal with the diseased 
human subject under vanous conditions we have made detailed observa- 
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tions on se\cral normal \oung men over long periods of time The 
results of one of these studies are presented below Obsen ations in this 
case were made on the response to the ingestion of potassium chloride, 
sodium chlonde and ammonium chlonde as in the patient suffenng from 
nephrosis already described 

Delatls of the experiment 

E F , number 316131 The subject ■Ras a healthy unemployed adult white 
male of 23 v,hose onl^ illnesses in the past were pneumonia five years before 
admission and a sore throat three years ago On physical examination he nas 
well de\ eloped and well nourished though lean, but no abnormalities were 
noted Routine blood counts and unne examinations were normal Dunng 
the course of the expenment, w hich lasted 45 days, the patient remained in 
bed except for six hours a day when he was permitted to sit in a chair and to 
walk a few steps He was placed on a standard diet immediately after admis- 
sion and ate identical meals each day throughout the penod of observation 
There was never any return of food to the kitchen and there was at no time 
diarrhea The diet was calculated to contain 85 grams protein and enough 
carbohvdrate and fat to make a total of 2645 calones The amount of fluid 
added to the diet was constant Every five days when fresh foods were ob- 
tained, a complete duplicate day’s diet was analyzed for fluid content, total 
inorganic base, K, Ca, Na -f- Mg by difference. Cl, P and total N The unne 
was analyzed daily for titratable acid, NHj, total inorganic base, K, Ca, Na + 
Mg by difference. Cl, P, inorganic S 04 , total N, organic acids and creatinine 
pH determinations were also made daily The stools were collected in five- 
da> penods and at the end of each penod an enema of 500 cc. of distilled 
water was gi\en The stools were then analyzed for total inorganic base, K, 
Na + Mg b> difference. Cl, P, and total N Blood studies were made from 
time to time, the blood being taken without stasis and delivered as usual under 
oil All analyses were made m duplicate throughout the expenment 

RESULTS 

The forcperiod After the patient had been on the standard regime 
for a penod of seven days, analyses were begun and were made daily for 
six days more as may be seen in Table 3 and Figure 2 The chief point 
of interest is the extraordinary constancy of the unnary findings in this 
normal individual m contrast to the wader fluctuations seen m the ne- 
phrotic patient 

The effect of the ingestion of KCl After the completion of the fore- 
pen od, the patient w'as given 201 m eq of KCl on one day and on the 
subsequent day 134 m eq It may be seen from Table 3 and Figure 2 
that the effects were similar to those observed in the nephrotic patient 
On the first day of KCl administration there was an abrupt increase in 
the pH of the unne and a drop in the titratable aad, with perhaps a 
slight decreeise m the NHs excreted On the followang two days, the 
pH decreased and the titratable aad rose above the levels of the control 
penod These changes, as in the case of the nephrotic patient, were 
related to differences m the rate of exaetion of the K and Cl ions On 
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November 1-2, gj g 
November 2-3 gi g 
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November 7-8 79 9 
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November 16- 74 5 
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the first day of KCl ingestion, 70 9 per cent of the K ingested was excreted 
in the unne, whereas only 51 per cent of the Cl was eliminated in that 
time Durmg the next twenty four hours, some of the chlonne which 
had been retained was excreted, so that at the end of 48 hours of KCl 
admmistration 78 6 per cent of the ingested K and 74 5 per cent of the 
Cl were recovered in the unne In the days following the mgestion of 


joo 

100 

1001 


KO 




Fig 2 Urinary Response of the Normal Subject to the Ingestion of 
Various Electrolytes 


KCl there was a slight increase in the excretion of base fraction Na + Mg 
in the unne This contmued until the extra chlonde ingested was com 
pletely excreted While small in amount this base was presumably taken 
from tissue fluids to neutralize the acidifying action of the Cl ion, as 
durmg a penod of nine days 10 0 per cent of the K mgested was excreted 
in the stool daily (exactly as in the forepenod), whereas Cl absorption 
was more complete, only 0 5 per cent appeanng m the stool each day, 
41 
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thus increasing the amount to be removed by the kidneys The lag m 
excretion of the Cl ion was slightly less in this normal subject than in 
the nephrotic but otherwise the responses of the tuo indmduals iverc 
alike 

In Anew of the fact that on two occasions in this penod tlie urine 
speamens were collected in 22 and then 26 hour specimens, they were 
corrected by the creatinine excretion to a basis of 24 hours for presenta- 
tion in Figure 2 In order to be certain that this did not vitiate the 
results, the whole KCl expenment was repeated with essentially the same 
results On the first day, 68 2 per cent of the K and only 53 8 per cent 
of the Cl were excreted After 48 hours, 79 2 per cent of the K ingested 
and 77 6 per cent of the Cl had been excreted in the unne The changes 
in pH and titratable acid excretion were almost identical with the pre- 
ceding expenment and the delayed increase in excretion of the base frac- 
tion Na + Mg secondary to greater absorption of Cl than K from the 
gut was again noted In this instance the daily per cent of K lost 
through the stools was 12 1 per cent while only 1 0 per cent of the Cl 
ingested was recovered from the feces In each of the two expenments 
with KCl there was a gain of 0 5 kgm in weight without corresponding 
retention of sodium dunng the two days of administration of the salt 
with a gradual loss to the level of the forepenod in the following seven 
days The reason for this slight gain in weight is not apparent 

The effect of the ingestion of NHaCI The normal subject was given 
224 m eq of NH4CI daily for three days The results of this experiment 
seen in Table 3 and Figure 2 are qualitatively like those observed in the 
edematous nephntic and essentially like those described by Gamble et al 
(20), Falling (21) and others Thus, there was an increase in the excre- 
tion of NH3 which in the present study accompanied an increase m the 
excretion of fixed base (instead of following it as in the case of Gamble’s 
and Fdlling’s studies) The excretion of potassium reached its peak on 
the second day of NH4CI feeding and dropped on the third day, whereas 
the excretion of the base fraction Na -f Mg was slightly higher on the 
third day It will be observed above in the study of the patient with 
edema that there was also slight augmentation in excretion of K and of 
the fraction Na + Mg -f- Ca, most marked on the second day In both 
the normal and nephntic subjects, retention of the Cl ion on the first 
day of NH4CI administration was marked There was a great increase 
in calaum excretion through both the gut and the kidneys, in the normal 
subject In the days following the ingestion of NH4CI, potassium was 
retained without appreaable storage of the base fraction Na 4- Mg while 
the excretion of NHa and of Cl remained above the normal level until 
the balances were practically restored on the fifth day On the first day 
of NH4CI feedmg ^ere was a gam of 0 3 kgm followed by a diuresis and 
loss of 0 8 kgm and at the end of the penod the weight reached its normal 
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level (The “ recovery" penod following the ingestion of NH4CI was not 
studied in the patient with nephrosis ) 

The effect of the \ngeshon of NaCl One hundred and twenty m eq 
of NaCl were added to the diet of this normal adult who had been on a 
"salt poor” regime (Na + Mg of the diet averaged about 4S m eq 
daily) for seven weeks In the first forty eight hours he retained 185 4 
m eq or 56 6 per cent of the ingested Na + Mg and 181 m eq or 65 1 
per cent of the Cl of the diet with a gam of 0 7 kgm m weight. In the 
nei.t four days of NaCl administration he was m exact balance when 
compared with the original forepenod in which there was a positive 
Na + Mg balance of 15 m eq and a positive Cl balance of 8 m eq daily, 
probably representing the diurnal skm loss of these ions The Na and 
Cl retained dunng the first two days were not subsequently excreted 
The response of this normal subject on the first two days of the “salt 
regime” was qualitatively like that of the edematous nephntic although 
the NaCl retention was less complete It is interesting to note that this 
similanty of response to NaCl ingestion occurred in spite of the fact that 
the serum protem concentration m the normal subject was about double 
that of the nephrotic patient. It should be pointed out that as a result 
of NaCl adimmstration a rise in the base content of the serum was accom 
panied by the passage of fluid from the blood to the tissue spaces, as 
evidenced by the retention of both water and NaCl This appears to be 
at vanance with the suggestion of Albnght and Bauer discussed above, 
that an increase in base level is associated with the process of diuresis 
If this retention of NaCl and water with an increase in concentration of 
base in the serum could be shown to occur when the serum protein con- 
tent IS abnormally low, the mconsistency would be even more significant 
Unfortunately no serum base detenmnations were made m our nephrotic 
patient during the penod of NaCl adimmstration 

On the last two days of the NaCl expenment, the normal subject was 
given 224 m eq of NHiCl in addition to his daily ration of 120 m eq 
of NaCl This was done to see if he would lose fixed base before the 
augmentation of ammoma excretion, as m the studies of Gamble and of 
Ffilhng, when an ample source of base was available It will be seen in 
Table 3 and Figure 2 that, as in the previous expenments, this subject 
had a simultaneous increase m the elimination of base and NHj The 
total loss of K, Na, Mg and Ca was practically identical when NHiCl 
was given after a prolonged “salt poor" regime with a lowered base con- 
centration in the blood serum and when it was given after suffiaent NaCl 
in the diet to raise the serum base to its normal level 

The effect of various electrolytes on the blood serum In Table 4 it will 
be seen that the ‘low salt regime” resulted in a decrease in the total 
inorganic base and Cl concentrations of the blood serum, no other sig- 
mficant deviations from the normal were observed The administration 
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TABLE 4 

Blood serum studies on (he normal subject 


Dale 

Total 

hsM 

Potaa- 

eram 

B) 

earbo- 

iile 

Chlo- 

ride 

Se- 

rum 

p-o- 

tein 

Sc- 
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pro- 
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Non- 

p-o- 
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Hae. 

mato- 
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November S 
November M 
November 16 
November 26 
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n ej 
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148 9 
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148 8 
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n 07 
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4J 
46 
4J2 
4A 
39 
4,2 
4,2 
36 

^er 

309 

28A 

31,2 
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22J2 
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301 

23,4 

tru <7 
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97 4 
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97 6 
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95 6 
99A 
105 7 
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ccnl 

69 

6A 

6A 

67 

6A 

6A 

6A 

69 

OT fq 
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16.3 
16.1 
16.1 
16A 
161 
181 
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16A 

m eq 

ITer 

27 

2.6 

24 

2.6 

222 

2.8 

26 

2,2 

jyj eq 

ITer 

BJ2 

50 

5.1 

5.0 

viffm. 

itoet. 

29 

32 

28 

25 


Control 

After 2 dap of KCI feeding 
Control 

After 2 dap of KCl feedini; 
After 3 dap of NHiCl feeding 
Control 

Alter 5 dnp of NaCl feeding 
After 2 dap of NaCl 
-1- NHtCl feeing 


* Determined on whole blood 


of KCl in both instances resulted in a slight increase in the Cl content of 
the serum at the expense of bicarbonate The feeding of NH 4 CI resulted 
in the same qualitative change in the electrolyte pattern of the serum 
although quantitatively greater, the Cl increasing about 8 m eq per liter 
while the CO 2 decreased in an equivalent amount The base concen- 
tration and water content were not changed After six days of NaCl 
feeding, the concentration of base in the serum rose to the accepted 
normal level When the base content of the serum had risen to a more 
normal value, the storage of NaCl and water in the body ended and the 
normal balance between ingestion and excretion had been re-established, 
but at a higher level of base in the serum than in the forepenod when 
the patient was on the "low-salt” regime The effects of NH 4 CI on the 
blood serum were qualitatively and quantitatively alike whether the 
subject received large amounts of NaCl in his diet or whether he was on 
a "salt-poor” regime 


DISCUSSION 

At least three groups of factors must be taken into consideration in 
any discussion of the mechanism of edema in the nephrotic form of 
cbronic nephritis and in malnutrition (1) The best understood of these 
IS the decrease in osmotic pressure of the blood due to loss of proteins 
from the serum ( 2 ) The second factor is that of the hydrostatic pres- 
sure differences between the capillanes and the tissue spaces (3) The 
third factor and the least understood is that of the speafic ionic excretory 
function of the kidney In this term we include all the factors involved 
in the ehrmnation of specific ions from the body, recognizing that such 
elimination seems to depend upon the particular nature of the ion itself 
and IS largely independent of its osmotic effect In other forms of edema 
variations in capillary permeability undoubtedly play an important r61e, 
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but it does not appear necessary in the present state of our knowledge 
to implicate this factor in the explanation of nephrotic edema. As was 
stated in the introduction there have existed two schools of thought. 
One emphasizes the importance of speafic kidney or tissue disturbances 
as evidenced by an apparent difference in behavior between the nephrotic 
and the normal individual upon the administration of certain electrolytes 
The other group of investigators maintains that the abnormal accumu- 
lation of flmd and the behavior of the electrolytes can be explained solely 
on the basis of a decrease in oncotic pressure and assumes that the ionic 
excretory functions of the kidney are normal 

If it be assumed that the speafic lomc excretory functions of the kidney 
are not disturbed in patients with nephrotic or nutnbonal edema, it is 
apparent that a decrease in oncotic pressure within the capillanes will 
tend to force an approximately normal intercellular flmd mto the tissue 
spaces until the effective pressures and lomc concentrations on both sides 
of the capillary adjust themselves according to the Donnan eqmhbnum 
It 18 obvious that an important factor in the accumulation of this exces- 
sive volume of interstitial flmd is the quantity of water and NaCl that 
is available, therefore the administration of NaCl to an individual with 
a decreased concentration of protem in his blood serum will cause an 
increased flow of physiological salt solution to the tissue spaces This 
retention would naturally simulate interference with the abihty of the 
patient to excrete NaCl A state of affairs qualitatively similar, might 
be anticipated m a normal mdividual after the prolonged restnction of 
NaCl mgesbon, resulting here from true base depletion Furthermore, 
one would not expect to find a quahtative difference in response of the 
normal and nephrotic individual to the ingesbon of KCI or NH(CI, as 
the nephrobc is assumed according to this hypothesis to possess normal 
speafic lomc excretory funcbons 

The experiments descnbed m this paper amply confirm this point of 
view Thus, the nephrobc pabent retained NaCl completely with a com- 
adent mcrease in edema as evidenced by gam in weight The normal 
subject after prolonged NaCl depnvabon also retained salt and water 
for the first two days of sodium chloride feedmg The quanbtabve 
difference in the behavior of these two mdividuals can be easily explamed 
by the difference m oncobc pressure of their sera Furthermore, our 
studies show that there is no essenfaal qualitabve difference in the re- 
sponse of these two individuals to the ingesbon of KCI or of NH^Cl 

The facts presented in the foregoing discussion do not support the 
idea chiefly advanced by the school of Widal, Magnus Levy and of Blum, 
that the deterrmnmg abnormalibes in nephrobc edema are to be found 
in speafic ion disturbances of renal or bssue behavior 

The importance of the hydrostabc pressure within the capillanes in 
relabon to edema needs no emphasis Von Farkas C22), Mufson (23) 
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and others ha\e pointed out a relationship between the concentration of 
protein in the blood serum, the venous or capillary’ pressure in an extrem- 
ity and the presence of edema As w’ould be expected, there appears to 
be a rough correlation which would suggest that the higher the pressures 
wnthin the \ eins or skin capillaries, the more likely a patient is to become 
edematous wnth a given decrease in the serum protein concentration 
Unfortunately, these measurements are of the crudest sort and are appli- 
cable only to a limited group of capillanes Beyond these elementaty 
facts, little IS known of the relations of capillary pressures to edema of 
the nephrotic type 

While the qualitative similanty in response of the nephrotic and nor- 
mal subjects to the ingestion of certain electrolytes has been demonstrated 
in the above studies, it should be clearly emphasized that the mechanism 
of nephrotic edema cannot be explained solely by alterations in the con- 
centration of protein in the blood serum For example, as was stated 
in the introduction and as we have observed in the nephrotic patient of 
the present study, there may be complete diuresis without significant 
change in the concentration of protein in the serum Furthermore it is 
well recognized that diuresis may occur spontaneously or follow fever 
either induced artificially or due to infection 

In addition to these observations, apparently inconsistent with the 
hypothesis, certain theoretical difficulties should be mentioned If a de- 
creased oncotic pressure causes increased flow of fluid from the capillanes 
to the tissue spaces in the kidneys, one might expect increased filtration 
through the glomerular capillanes and ceteris paribus an increased unnary 
output, which is not the case If, however, it were assumed that, in 
conditions leading to nephrotic edema, the rate of blood flow through the 
kidney or the capillary pressure in the glomeruli were reduced or if the 
reabsorption of water from the tubules were increased, tliese discrepancies 
could be harmonized with the theory Of such changes and the possi- 
bility of actual renal damage we have no expenmental evidence 

Another phenomenon for which the oncotic hypothesis offers no expla- 
nation IS the well known diuretic effect of certain electrolytes such as 
potassium salts, NH^CI, and CaCI: Although there is no qualitative 
difference in the behavior of the electrolytes KCl and NH4CI when in- 
gested by normal and nephrotic individuals, as shown by our studies, 
there may be great quantitative differences in the effect of these sub- 
stances on various edematous individuals and upon the same individual 
at different times WTiile these differences have been asenbed to differ- 
ences in base concentration in the blood, this point is not yet proved, 
there is also no simple correlation betw'een diuresis and serum protein 
concentration This problem is closely related to that of the kidney or 
tissue factors wffiich regulate the excretion of the Na ion by the kidney 
UnUl the physicochemical laws governing the excretion of vanous ions 



LOEB, ATCHLEY, RICHABDS, BENEDICT AND DRISCOLL 


637 


are understood, an evaluation of abnormalitiea present will remain diffi- 
cult, amce normal and nephrotic mdividuals may react to these ions in a 
gualUattvdy similar manner 


CONCLUSIONS 

1 The responses of a normal individual on a "salt-poor" regime and 
of a patient with nephrotic edema to the ingestion of KCl, NH<C1 and 
NaCl have been studied m balance expenments 

2 The following similantieE in their behavior have been demon 
strated 

(o) When KCl was fed to both patients the urine at first became 
alkaline, as the excretion of K was more rapid than that of Cl Then 
the unne became more aad and there was an mcrease m the excreaon of 
NHi and fixed base. This probably resulted from the fact that the ab 
sorption of Cl from the intestinal tract was greater than that of K, KCl 
thus actmg as an "aadifying salt,” 

(6) After feedmg NHiCl there was an increase in excretion of inor- 
gamc base and NH* with retention of Cl causing a lowenng of serum 
bicarbonate, as has been descnbed by others No sigmficant diuresis 
occurred in these patients 

(c) After ingesting NaCl, both the nephrotic patient and the normal 
subject retained NaCl and water This retention was greatest in the 
edematous patient After the base of the blood of the normal subject 
on a “salt poor" regime had been raised to its normal level by NaCl 
adimmstrabon, continued ingestion of this salt caused no further re- 
tention 

3 It IS pointed out that the responses of nephrotic and normal in- 
dividuals to these electrolytes are qualttaiwiely alike The guantUaUve dif- 
ferences observed are of great chmcal importance and are probably to a 
large extent dependent upon differences in serum protein concentration 

4 A number of inconsistenaes m the application of the oncobc hy 
pothesis are discussed 

The authors wish to express their appreaation to Miss Natalie Bryan, 
Miss Marjone Clark and Miss Evelyn Krueger for their techmcal assist- 
ance. They also wish to thank Miss Margaret Hawthorne and Miss 
Ehse Stanley for their careful supervision of the nursing and dietetic 
problems arismg in the course of this mvestigation 
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A reduction of the blood sugar content, analogous to that produced 
by insuhn, was noted by Blotner and Murphy (1) after administration 
of whole liver and certain of the liver fracbons ineffecbve in the treat- 
ment of pemiaous anemia Fracbons G, an effecbve hver extract pre- 
pared by Cohn and his collaborators (2), appeared to contam little if 
any blood sugar reduang substances An observabon repeated by Riddle 

(3) Eubstanbated the evidence that this liver extract contained no spe- 
afic blood sugar reducmg properbes After the inboducbon by Sturgis 
and Isaacs of ventncuhn as a specific treatment in pernicious anemia 

(4) , It was deaded to determme whether or not this preparabon possessed 
blood sugar reduang properbes similar to those of whole liver 

The blood sugar level was determined on eleven pabents with perni- 
cious anemia at frequent intervals during treatment with ventnculm, hver 
extract, and on one pabent m spontaneous remission The samples of 
blood were obtained under fasbng condibons at 8 A M , and the blood 
sugar values were esbmated accordmg to the micro method of Folm and 
Wu (5) Each patient was given 40 grams of ventnculm daily, and 
observabons were made dunng the interim of the nse of the rebculated 
red blood cell count, at intervals of one to two days Data on the red 
blood cell counts, hemoglobin and rebculocyte percentage -were also re- 
corded 

The fasbng blood sugar values obtained dunng the beatment with 
ventnculm are listed in Table I The results for each pabent are re- 
corded separately, showing daily vanabons as well as the general trend 
With two excepbons, the imbal values were withm the range of 84-135 
mgm of sugar per 100 cc of blood — the majonty of the results bordenng 
on the upper lumts of normal Six to ten days after the onset of beat- 
ment, the blood sugar values in each case reached their lowest levels, 
the decrease being gradual These minimal readings were within the 
range of 61-97 mgm The average decline of the blood sugar level was 
about 45 mgm per cent, the upper and lower extremes being 30 and 60 
mgm In the senes of cases which were studied dunng the enbre penod 
of the nse and fall of the rebculated cell count, the blood sugar levels 
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TABLE 1 

Milhgrams sttgar per 100 u of blood 



Ventrlculin treated patients 


Days ol 
trcatmtnt 

Patient number 

Spontaneous 

remission 


1 

2 

3 

4 
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B 
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B 

10 

It 



mem 

m^ 

nifm 

mgm 

mtm 

mtm 
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mem 

mem 
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109 


124 

84 
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reached their lowest values at the tune of the peak of the reticulated 
red blood cell percentage nse, subsequently undergoing a gradual upward 
swing but not quite attaining their initial values in the ma]onty of cases 

In two cases an attempt was made to determine any immediate effect 
of the mgestion of ventnculin on the blood sugar level Blood samples 
were taken before and at intervals of 15 mmutes for one and a half hours 
after the administration of 40 grams of ventncuhn These results are 
shown m Figure 1 The first specimens showed a slight decrease of 7-10 
mgm , followed by an increase which attained its maximum m the one- 
half hour speamens The values declmed to approximately their original 
levels within one hour The immediate effect of the adrmmstration of 
40 grams of ventncuhn was a slight increase in the blood sugar level, 
similar to that occumng after the mgestion of any other siimlar food 
substance 

Followmg treatment with ventncuhn, as with liver extract, a marked 
increase of appetite was noted in each of the cases For 2-4 days after 
the onset of treatment with ventncuhn, no change in the appetite was 
observed, however, with the beginning of the rebculocyte response, a 
noticeable increase was evident The usual diet which was more than 
sufiBaent dunng the first few days was supplemented with extra nourish- 
ment Often the patients were given high calonc diets to appease their 
hunger Inasmuch as the majonty of the patients often lose weight m 
early remission, due probably to water loss (6), the weight factor could 
not be used m correlation with the hunger symptoms 

As the symptoms of hunger seem to be associated with both the in- 
crease of reticulated red blood cells and the amount of sugar present m 
the blood, the correlation of these two values is of interest. Detemuna- 
tions of the reticulocyte percentage and blood sugar values of three cases 
are recorded m Table II Case 1 was treated with ventncuhn, Case 2 
with liver extract. Each was selected as representative of a senes of ten 
cases similarly treated Case 3 is one of permaous anemia m spontane- 
ous remission If the blood sugar values are plotted together with the 
reticulated red blood cell percentage of the same day (Figures 2 and 3), 
It is noted that the lowest blood sugar level occurs simultaneously with 
the peak of the refaculocyte percentage nse Apparently this behavior 
IS physiologic, as it IS always present regardless of the type of treatment, 
or if the remission is spontaneous It is fair to conclude from this that 
the reduced sugar level is the result of increased metabohc activity of 
the bone marrow, as manifested by the increase of young red blood 
cells m the stream , or, that the reduced sugar values are the result of the m- 
creased metabohc activity of the young red cells themselves, or both 
Riddle (3) stated that the cause for the lowered fasting blood sugar values 
dunng early remission was speculative, and that the evidence pomted to 
some unknown metabohc process This process is now thought to be 
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Fig 2 Relationship of Blood Sugar and Reticulocytes Following 

Ventriculin Therapy 
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TABLE U 

Failing Hood lugar valuci during treatment imlh ventriculin, liver extract and ipontaneous 

remuiton 
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* Case 1—40 grams ventnculin daUy 
Case 2 — 6 vials Lilly s liver extract daily 
Case 3 — Spontaneous remission 


the increased activity of immature red blood cells, of the bone marrow, 
or a combination of the two 

The results obtamed have been made from observations, which disre- 
gard the blood volume factor The influence of the blood volume on 
the concentration of the blood sugar levels is not known at this time. 
However, its importance and significance are being studied 

SUMMARY AND CONCLUSIONS 

1 In permaous anemia in relapse, the blood sugar values are usually 
withm the upper limits of normal 

2 The decreased blood sugar values in the begmnmg of a remission 
occur at the time of the increase m the percentage of immature red blood 
cells present m the peripheral circulation 

3 The blood sugar level reaches its lowest value at a time corre 
spondmg with the peak of the reticulated red blood cell percentage rise, 

4 In early remission the blood sugrar level may fall as low as 61 mgm 
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per 100 cc — practically all the values were within the lower limits of 
normal 

5 The onset of hunger symptoms m early remission may be directly 
associated with the decrease in the blood sugar level — the result of in- 
creased metabolic activity of either the marrow, the immature red blood 
cells, or both 

6 With general improvement, the blood sugar values increase and 
maintain themselves at a level not quite as high as their onginal one 

7 Ventncuhn has no specific insulin-like properties when taken by 
mouth — the immediate effect following ingestion of 40 grams is a slight 
increase in the blood sugar value for about one-half hour, with a gradual 
return to its onginal level 
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The search for additional forma of treatment for peptic ulcer refractory 
to the usual medical and surgical treatment has led to the mtroduction of 
many innovations Among these is the injection of nonspecific protein, 
first introduced by Holler in 1921 (3) hnd later advocated by Pnbram (9) 
and other investigators in Germany Martin (4), Shame (11), Meyer 
and Kartoon (6), and Schiff and Noms (10) have adequately reviewed 
the literature on this subject and outlined the development of this method 
of treatment Bnefly, it has been found that m cases of peptic ulcer 
symptoms of ulcer disappear completely for a vanable length of time 
followmg the parenteral injection of vanous protem substances Reports 
are at vanance as to the percentage of patients who obtain rehef, the 
duration of symptomatic improvement, and the probable effects of the 
procedure on the healing of ulcer Also, little is known about the effects 
of the injection of foreign protein on gastric secretion and motility m 
normal and diseased human subjects This paper sums up the results of 
work which we have done m an attempt to answer all these questions and 
in addition to determine the effects of the procedure on the gastric motor 
and secretory functions of dogs 

CUNICAL OBSERVATIONS 

The difficulty of evaluating any treatment for peptic ulcer lies in the 
nature of the disease itself, with its great tendency to spontaneous re- 
mission and the almost equally great tendency to recurrence Memy 
observers have testified to the occurrence of symptomatic rehef following 
injections of nonspecific protems Although such relief has been noted in 
mtractable cases, the statement is often made that acute ulcers of short 
duration are more responsive to treatment by nonspecific protein than are 
chronic callous ulcers In other words, good results are obtained m the 
group of cases m which the best results would be obtained by any treat- 
ment, and in which spontaneous remissions are most likely to occur even 

^ Fellow in mediane of the Josiah Macy, Jr , Foundation on duty in The 
Mayo Foundation Work done in the Division of Expenmental Surgery and 
Pathology 
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Without treatment In an attempt to a\oid the possibility of assuming 
that what was really a spontaneous remission was due to our efTorts at 
treatment, we studied only such patients as had had for some time sy mp- 
toms so severe and intractable that spontaneous impro\emcnt was not 
likely to take place None of the group of setenteen patients selected 
had improNed matenally under pre\ious medical treatment Moreoxer, 
all of them had had some form of surgical treatment, that is, they had 
submitted to one or more operations on the stomach In every instance 
the diagnosis w as based not only on a typical history^ but on a roentgeno- 
logic demonstration of a lesion, and in nine instances an ulcer was later 
demonstrated at operation Four of the patients had recurrence of 
duodenal ulcers following operations on the pylorus, one patient had a 
large gastne ulcer persisting after gastro-enterostomy, and twelve patients 
had anastomotic ulcers One of these twelve patients had recurrent ulcer 
following antenor gastro-enterostomy, siv patients had ulcer following 
posterior gastro-enterostomy, and five, after partial gastne resection 

The ages of the patients ranged from twenty-four to fifty-one years, 
the average age was thirty-seven and five-tenths years The average age 
at onset of dyspepsia was tw'enty-three and a half years, the youngest 
patient had had symptoms since the age of seven years The duration 
of symptoms vaned from five to twenty-four years, averaging fourteen 
years Most of the patients had suffered severe symptoms and in every 
case the course of the disease w^ marked by many complications Both 
medical and surgical treatment had been followed by indifferent or poor 
results Thirteen of the patients had required more than one operation , 
of these tw^o had required four operations each and one had required five 
operations 

METHODS 

Many proteins have been used by vanous expenmenters, but those 
most frequently employed have been a punfied vegetable protein, known 
as "novoprotin,” suspensions of killed bactena, chiefly typhoid vacane, 
and vanous stenlized and punfied preparations of milk There is no 
uniformity of opinion as to the degree of general reaction necessary to 
produce the maximal amount of benefit We used Lederle’s tnple ty- 
phoid vacane or Lilly's ty^pe "H” antigen intravenously in doses con- 
taining from 10,000,000 to 60,000,000 bactena An effort was made to 
secure a sharp reaction lasting a few hours with elevation of temperature 
not exceeding 3° F Usually four to six injections w ere given at intervals 
of three or four day^ In a few instances 10 cc of a punfied preparation 
of milk (aolan) w as given intramuscularly, a milder but definite reaction 
bang produced by’’ this means 

Before the injections of foreign protein were started, the patients 
were placed on a modified Sippy treatment for vanable penods of time 
After injections were begun changes in diet w*ere not made until clinical 
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improvement was noted If, and when, improvement occurred the diet 
was made more liberal, but in no instance were the usual dietary restnc- 
tions exceeded that were considered necessary for the ambulant treatment 
of patients with ulcer 

Studies were made of the fasting contents of the stomach each mormng 
for several days before the treatment was begun and daily thereafter to 
determine the influence of the treatment on gastric acidity Besides the 
alcohol test meal, as devised by Bloomfield and Keefer (1), the Ewald test 
meal was used in a few mstances before and after treatment to determine 
any change in secretory function 

RESULTS 

Fourteen of the seventeen patients were relieved of symptoms of 
which pain, of course, was the most promment, whereas the remainmg 
three patients suffered marked aggravation of symptoms (Table 1) One 
of these three patients had duodenal ulcer assoaated with marked hyper- 
secretion, one had an extensive penetrating gastrojejunal ulcer, and one 
had a poorly funchomng gastro-entenc stoma and also gastnc, duodenal, 
and anastomotic ulcers Of the fourteen patients who expenenced 
amehorabon of symptoms, four had some degree of relief lastmg for sev- 
eral days after each mjection One of these patients had a gastnc ulcer 
which when observed fluoroscopically appeared to increase rapidly m 
size dunng the penod of subjective improvement One patient was so 
completely relieved of symptoms that he was allowed to return to his 
home unfortunately the later course of the disease is unknown A1 
though two other patients were relieved of pain, the seventy of the 
general reaction and the associated mental and emotional depression 
produced by the mjections made them unwilhng to contmue the treat- 
ment Four of the patients had a remission of one or more months 
before symptoms recurred one had symptoms of pylonc obstruction 
three months later, one was relieved for several months when a second 
course of vaccme produced a similar penod of remission, but epigastnc 
pain and nausea have contmued at intervals The two other patients 
were relieved for about one month , one of these responded well again to a 
second course, but later returned with severe symptoms and a deep 
perforating jejunal ulcer, the other was made worse by a second course 
of vaccme, and at operation a large crater was found m the jejunum which 
had almost perforated into the colon 

The three remaimng patients obtained more gratifying results One 
was a young man who had symptoms of obstruction at the gastro-entenc 
stoma due to jejunal ulcer, the crater of which was visualized m the 
roentgenogram He hsid little pain and no symptoms except those 
assoaated with obstruction On a Iiqmd diet, gastnc retention of about 
1,500 cc. of highly aad flmd was noted After the first injection of 
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\irnrc the nmnimt of retention decreased markedh in spue of tfic fart 
that the amount and tiie rnar-cness of the food pnen were stcadiK in- 
CToa<^cd 1 iic fastmp acidita dropped to an aaerape \aluc of U units 
and the stomach emptied normalh Setcral months later when there 
was a return of mild s^mptom= of obstruction \accinc was again pnen 
with pood results Since then the patient has had recurrent periods of 
obstruction which are rclicacd spontaneously, and in general he has 
remained reasonably well 

The second patient was a woman with mild and questionable symp- 
toms of ulcer but a dermitc rocntgenolopic picture of pastrojejunal ulcer 
Following two intraNcnous injections of typhoid vaccine she was almost 
entirely relict cd of distress In a week’s time she gained 5 pounds, and 
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TABLE 1 (con/tSUAd) 
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3 able to return to her home. Two yearB later she reported that she 
3 not entirely well but was much better than she had been At a 
u: visit to the dime it was deaded that the remaimng symptoms could 
. be attributed to ulcer 

The third patient was a man who had had four operations on the 
mach, the last one a pyloroplasty At the tune of admission he was 
ang severe pain which suggested the presence of a perforatmg type of 
idenal ulcer After five injections of typhoid vaccine he was relieved 
isfactonly and was able to return to work. Eight months later he 
orted that he was still free from distress although he found it necessary 
contmue on a restneted diet 
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! rn CT OF NON-srLcinc rpotris 


COMMFVT 

1 1 would *^0001 from ihc forcgoint; that the results of protein treatment 
arc u'^tnlK inron=tanl and temporary althouph occastonalK a patient 
wall ‘•how a '=tnkin;; and fairK permanent impro\oment In order to 
prorluce these results, it unfortunately is necessary that the patient be 
made to cuffer more or less discomfort, sometimes so much that the 
treatment is more harrow incj than the disease Occasionally the temper- 
ature will nse to 104" F and the patient will be utterly* miserable for 
twchc hours or more At other times the reaction is delayed, the feaer 
IS prolonged and undesirable by*-effects are likely* to make their appear- 
ance 

An effort was made to determine which ty*pe of reaction was most 
likely to be helpful in rclic\ ing the symptoms of ulcer A febrile response 
of less than 100" F rarely* produced any* definite effect If reactions w ere 
accompanied by* fe\cr of more than 103° F the sy*mptoms of ulcer were 
often aggravated An abrupt febrile response of two or three hours’ 
duration wath a maximal temperature of 102° F w*as least disagreeable to 
the patient, and seemed most likely* to produce relief from the sy*mptoms 
of ulcer 

Of the fourteen patients who were benefited, twehe obtained relief 
from the first injection This relief was often spectacular and patients 
who had been taking milk or alkali at frequent inter\*als throughout the 
night and who m addition had been taking opiates to control the pain 
were often completely relic\cd of distress within a few* hours Unfor- 
tunately , this relief w*as rarely* permanent, the symptoms usually re- 
turning after a few day*s or weeks 

In the first few cases studied, we found what appeared to be a definite 
reduction m gastric acidity* but in the larger group of cases studied 
later there did not seem to be any* response to the treatment The acidity 
of fasting contents remo\ed dunng the course of a febrile reaction and 
while the temperature was still elevated was studied in six cases The 
aad \alucs were practically* unchanged in two and distinctly lowered m 
four In one case, the acidity* was increased threefold a few* hours after 
the termination of fe^er, a result comparable with that seen in our experi- 
mental animals In all this work, titrations of fasting contents were 
made for a few mornings before treatment was instituted and then daily 
after the treatment The readings obtained during the two penods were 
aNCraged separately so as to gi%e a more trustworthy* index of the condi- 
tions actually existing 

Similar studies of gastric juice obtained after the use of alcohol and 
Ew*ald meals showed the same absence of any constant change in aadity* 
following the treatment 

There was no demonstrable correlation between the reduction of 
acidity and the degree of symptomatic relief obtained In one instance, 
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a nse of aadity from an average of 67 units before treatment to an aver- 
age of 84 umts after treatment was associated with rehef of symptoms , 
later, after another injection when the aadity dropped to 63 umts the 
pain became worse. It should be noted, however, that two of the three 
patients (Cases I and 3 m Table 1) who received the greatest benefit from 
the treatment showed the most marked decrease in aadity observed 
after the febnle reactions Another patient who showed a considerable 
drop m aadity was relieved of symptoms after each of two courses of 
treatment, but ultunately had to resort to operation (Case 9) 

EXPERIMENTAL OBSERVATIONS 

When, with the first few cases studied, the gastnc aadity seemed 
consistently to be reduced we became hopeful that the rehef of symptoms 
was due to this change and that the use of vacane had some possibilities 
in the treatment of ulcer In an effort to learn more about this change 
in aadity experunents were begun in ammals 

METHOD 

Healthy young dogs of medium size were chosen for study Aspira- 
tion of gastnc contents was made, usmg a lavage tube passed m the 
same manner as m human subjects e.xcept that a wooden mouth gag was 
necessary to hold the jaws open Aspirations were practiced repeatedly, 
day after day, until there was no longer any emotional reaction to the 
procedure. Fractional tests were then made several times a week over a 
penod of many weeks until the curves for aadity on successive dajrs were 
practically identical (Fig:ure 1) More than 2,000 tests were made dur- 
mg the penod of trainmg, and 1,000 tests were made dunng the expen- 
mental penod 



Acid in cc N/10 pee 100 cc. 

The uniformity is shown of repeated testa possible in weli trained ammais 
Histamine injected 1 at 8 30 a m , and g at H -00 on the same day 




^^ncT O’- \n\-5ri cinc tkotun 

rnr tc t n ^•^l ^^hI^h cnn-^ <lcd of Sncram-; of find} ground hop-c mcnl 
in 2'^ rc of M-'tcr. i\'"= fed in the morning after t\\cl\c houp; of fa'^ting 
‘'nail <^p^drnc!P were rcmo\cd c\cr\ fifteen mimitc*^ after the fir^t half 
hmr uatd the ‘-tnmach wa'i empt\ The clear juice from a centrifuged 
-ampV of the contents wa'; then titrated with 0 I normal sodium h\dro\. 
ifle, tping dimeth\l-amino-a7ol>cn7enc and phcnolphthalcm as indicator'! 
to determine free and total acid's, respectnclv The hjdrogen-ion con- 
centration wa's determined b\ means of a Lceds-Northrup potentiometer, 
U'lng a qumJn drone electrode 

The gastnc sccrctora. response to histamine was also used as a meas- 
ure of pnstnc function For this test the stomach was aspirated as 
romplctcK as possible e\era fifteen minutes follownng the injection of 
1 mgm of histamine subcutancouslj 

To produce febrile reactions, aanous foreign proteins were gnen, 
but the inlraacnous injection of a suspension of a killed culture of Bacillus 
pTO(hv,iosus proacd to induce fe\cr more uniformly than anj of the other 
substances cmplojcd An initial dose of 100,000,000 organisms was 
u=cd and each subsequent dose increased by an amount which depended 
on the ECtentj of the prcMOUs reaction, the object being to produce a 
temperature of about 104° F 

As a rule the rectal temperature rose from normal of about 100° to 
104° F or more withm two hours after the injection While the fetcr 
was at its height, the gastric secretion was studied following stimulation 
with histamine since it was impossible to induce the dogs to take a test 
meal of meat during the febrile stage When the fe\er subsided, which 
It did wnthin two or three hours, the dogs had good appetites and were 
then fed their usual ration The follownng morning the gastric secretion 
was again examined, using either histamine stimulation or a test meal of 
meat 

Bilateral intrathoracic section of the \agi had been done on three 
of the dogs tw o > cars before, and a fourth dog had had the branches of the 
Nigus nencs sectioned below the diaphragm The latter animal 
subscqucniK had the xagus nerves sectioned again within the thorax 
Three additional dogs were operated on after a period of observation of 
their response to fever L nder ether anesthesia, administered intra- 
trachcalh, with careful aseptic technic, both vagus nerves of one of 
them were cut in the thorax and inirathoraac portions of both splanchnic 
nerves were removed from the other two After thev had recovered from 
the operation, the response of gastnc secretion to fever was again studied 

Ri:SLLTS 

Dogs were found to varv marlcdlv insusceptibility to fever In two 
o'* the nine dogs used it was impossible to produce an adequate febrile 
rc-^cuon It was readily p-oduced in the remaining seven Dunng the 
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course of the fever the dogs almost mvanably appeared hstless and some 
times they vomited As soon as the temperature began to fall, they 
speedily recovered The secretory response to histamine durmg the 
time that the temperature was nsmg or -was at its peak was usually 
markedly subnormal, both as to volume of secretion and aadity (Figure 
2) Often only a few cubic centimeters of thick bile-stained mucus could 
be obtamed m which free acid could not be demonstrated Rarely, and 
particularly when injections of protem were repeated at intervals of less 
than three days, both the volume and aadity of the gastnc jmce were only 
slightly reduced Occasionally the stomach was filled with a large 
amount of fluid which had probably regurgitated from the mtestine be- 



FiG 2 The Voluite and the Total and Free AciDiry in cc N/10 
PER 100 cc Obtained from a Normal Dog Following Histamine Given 
Before, During, and the Day After Reaction to Protein Shock 


cause it had an almost neutral reaction and contained large amounts of 
bile In dog 2 (Table 2) the usual reduction in aadity dunng the reac- 
tion did not occur 

The deaease in secretion usually seemed to depend on the fever, 
because, except in Dog 1, it never altered until the temperature began to 
rise Although in Dog I the temperature never rose higher than 102° F 
the ammal would appear ill, and free hydrochlonc aad would ather be 
absent or very much reduced dunng a penod of from four to six hours 

We can give some idea of the mhibition of gastnc seaetion produced 
by the fever by saying that all the jmce that could be obtained after the 
injection of histamine dunng the febnle penod could usually be neutral- 
ized by 12 cc or less of 0 1 normal sodium hydroxide. 
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On tlie cla> follownnp the reaction to protein, the response to histamine 
wac alv.a\s as great as during the control penod and in most instances it 
v.“is defmitcK increased (Figure 3) Although only three animals 
eccTctcd more than 50 cc of 0 1 normal aad under normal conditions, 
nine of them exceeded this amount after a reaction (F igure 4 and Table 2) 
The le\el of free acid after a test meal of meat v.as likcwasc greatlj 
elevated in the po^tfebnle period 

The penod dunng which this increased sccreton, respon>=e could be 
obtained ^ ais bnef .\s a rule normal \alues for gastnc aadil> were 
obtnircd after forx\ -tight hours, although when injections of \accinc v ere 
repeated o\er two o' three daj-s the return to normal was retarded 
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Beibre Afier 



Fjg 3 The Total and Free Acidity in cc N/10 per 100 cc After 
Test Meals of Meat Given the Day Before and the Day After Reaction 
TO Protein Shock 



Fig 4 The Average Amounts of Hydrochloric Acid Expressed as 
Cubic Centimeters of 0 1 Normal Acid Obtained in Each Dog Before, 
During, and After Reactions to Protein Shock 

The same order of presentation of data ie used aa in Table 2 Thus, the 
first bar m each of the three sections represents the first dog the second bar 
represents the second dog, and so forth 

COMMENT 

From these results it is apparent that the effect on gastric secretion of 
intravenous injections of foreign protein is biphasic with first a lessen- 
ing of the juices and later an increased amount of fluid and aad 

An attempt was made to learn if their reacbons were due to a direct 
effect of the protein injected on the secretory cell itself or an indirect one 
by way of the nervous system In Nonnenbruch’s opmion (7) the reac- 
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Only three of the seventeen patients treated obtained rehef which 
lasted for some time while four had temporary relief Four of the pa- 
tients expenenced such bnef periods of relief and the febrile reactions 
were so unpleasant that it did not seem advisable to continue the treat- 
ment The condition of the ulcer of three patients grew worse during 
the penod of treatment and observation, although all of these obtained 
some symptomatic relief The symptoms of the remaining three patients 
were aggravated by the treatment 

The chnical and experimental data here presented have left us with 
the impression that mjections of foreign protein are not likely to be of 
much value m the treatment of peptic ulcer except in occasional cases 
The discomfort entailed did not justify the results obtamed 

We have no exact information which would warrant our making 
guesses as to the mechanism which in some cases produces prompt rehef 
of pam and discomfort 


BIBLIOGRAPHY 

1 Bloomfield, A L, and Keefer, C S, Arch Int Med, 1926, xxxvu 819 

A Method (or the Continuous Quantitative Estimation of Gastric 
Secretion and Discharge in Man 

2 Hartiell, J B , Am J Physiol , 1929, xa, 161 Effect of Section of the 

Vagus Nerves on Gastnc Aadity 

3 Holler, Gottfried, Wien klin Wchnschr, 1921 xxxiv, 223 Ist eine 

orgamsche Vaguserkrankung die Ursache des Ulcus ventntuh chronicum 
beim Menschen? Die Grundlngen ru einer neuen Therapie des Ulcus 
ventnculi et duodem 

4 Martin, Lay, Arch Int Med , 1929, xlUi, 299 Peptic Ulcer the Effect 

of Parenteral Injections of Punfied Milk Proteins on the Symptoms 
and Progress 

5 Meyer, Jacob, and Carlson, A J , Am J Physiol , 1917, xhv, 222 Con 

tnbutions to the Physiology of the Stomach XLIIl Hunger and 
Appetite in Fever 

6 Meyer, Jacob, and Kartoon, L B , Arch Int Med 1930, xlvi, 768 The 

Effects of Intravenous Injections of Foreign Protein on Peptic Ulcer 

7 Nonnenbruch Mflnchen med Wchnschr , 1928, Ixxv, 161 Die physio 

logischen Grundlagen der ProteinkOrpertherapie 

8 Petersen, W F , and MUller, E F , Arch Int Med , 1927, xl, 575 The 

Splanchnojieripheral Balance during Chill and Fever 

9 Pnbram B 0 , Med Klin , 1922, xvul, 958 Parenterale Reizbehandlung 

des Magen und DuodenalgeschwOrs 

10 Schiff, Leon and Norns, R J , J Med , 1931, xu, 179 Non speafic 

Protein Therapy in Duodenal Ulcer 

11 Shame M S, Med J and Rec, 1929, exxx, 30 The Treatment of 

Peptic Ulcer by Protein Injection 

12 Vanzant F R , Am J Physiol 1932 xax, 375 Late Effects of Section 

of the Vagus Nerves on Gastnc Aadity 




THE METABOLISM OF LEUCOCYTES FROM NORMAL AND 
LEUKEMIC BLOOD 

By L I SOFFER and M M WINTROBE 
{From the Medical Clinic^ Johns Bophins University and Hospital, BoUimore) 

(Received for pubticaUon February 23 1932) 

Warburg’s studies (9) on the metabohsm of tumor cells have stim- 
ulated great mterest m sinular studies of the blood corpuscles Grafe (1) 
has shown that leucocytes consume considerable amounts of oxygen Al- 
though it had previously been known that they are capable of splitting 
sugar, it remained for Levene and Meyer (2) to demonstrate their ability 
to produce lactic acid from dextrose Maclean and Weir (3) , in compar- 
ing the glycolytic power of leucocytes and erythrocytes, found that the 
former have a glycolytic power several hundred times greater than the 
latter Metabohc studies have been earned out with a view of determin- 
ing the oxygen consumption and sugar destruction of leucocytes, and of 
mature as compared with that of immature white corpuscles These 
studies have yielded contradictory results Daland and Isaacs (4) as 
well as Glover, Daland and Schmitz (5) concluded that matiure leucocytes 
consume greater amounts of oxygen than do immature white cells The 
latter mvesbgators (S) also concluded that the glycolytic function of the 
leucocytes, at least in whole blood, is inversely proportional to the matu 
nty of the cells These findings could not be confirmed by Barron and 
Harrop (6), who emphasized the depressing effect of concentration on 
both the oxygen consumption and sugar destruction of white blood cells 
The object of this paper is to study further, with improved technic, the 
effect of cell matunty and cell concentration on the metabohc activity of 
leucocytes 

METHOD 

Whole blood containing varying numbera of leucocytes from patients 
suffering from myeloid and lymphoid leukemia and from cases of leucocytosis 
due to venous causes was studied Artenal blood was collected in most 
instances This was done to avoid the injury to the cells which results from 
manipulation inadental to aeration of venous blood Samples were collected 
in punfied hepiann and immediately studied Oxygen consumption was deter- 
mined in Barcroft Warburg manometers at 37 5° C , the readings being taken 
at 5 minute intervals for 30 minutes Sugar determinations were made 
immediately before placing the samples in the microrespirometers, and directly 
after the experiment. The samples to be studied were subjected to as little 
mampulation as possible and centrifuging was entirely avoided in view of its 
damaging effects on the respiration and to a lesser extent on the glycolytic 
activity of the white blood cells, as demonstrated by Fujita (7) Varying 
43 661 




TABLS 1 

Summary of ika total leucocyte counts and Asferentwl values of aU the cases studied 



The complete data, mdadmg red cell count reticulocyte count, degree of poIychroroatophUia, number of nucleated red blood cella, plate 
let count and oxygen coiaumption and glycolysia of the mdividual experunenta are not pubhahed for the sake of brevity 
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here be made that where such a relatively small number of observations 
IS considered, too great stress must not be laid on the values obtained 
The correlation m both cases is nonlmear The ratio of correlation (ij) 
between Ki and leucocyte count la 7492 which becomes 7010 when 
corrected for number of arrays The number of arrays used in the calcu 



Fig 1 The Amount of Oxtgkn Consumed by Leucocytes from 
Normal and Leukemic Blood Measured at 5 Minute Intervals Aver 
AGE OF All Experiments 

• • Myeloid Leukemia 

o - - 0 Lymphoid Leukemia 
X— X Myeloid ReacUona 

lation of this constant was 10 and therefore (it — l)/iV, or the mean 
value of 17 where correlation is actually zero, is 1765 That the ratio of 
correlation between magnitude of leucocyte coun t and Ki is probably 
Eigmficant is shown by the fact that 1 ; differs from — l)/h7 ( ■= 4202) 
by more than 1 («= 2380), a cntenon which has been set up by 

Pearson 
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imately 30,000, following which a leas rapid diminution was observed up 
to about 70,000 leucocytes Beyond this pomt the depressing effect 
of concentration was so great that oxygen consumption was diminished 
relatively httle in proportion to large differences m leucocyte counts 



Fig 3 Relation of Number of Leucocytes to Oxygen Consumption Con 
sTANT K, (30 Minutes) 

• • Myeloid Leukemia 

o 0 Lymphoid Leukemia 

X - - X Myeloid Reactions 

j ^ c.rom Oi per 2 cc blood 

’ cell concentration (in thousands) X time (30 minutes) 

The correlation between Kt and the leucocyte count is greater than 
that between K\ and the number of white corpuscles In other words 
the longer the expenment continues the greater is the depressing effect of 
the number of leucocytes on the oxygen consumption This is apparent 
in companng Figures 2 and 3 and is mdicated by the greater value of the 
correlation ratio for JCj as compared wnth that for Ki It is evident from 



j I J r J * 7 e i ti 7l li Ti 

/ifrcA/c Gl'JCotysti - 

Rilatio' or \ivnrr or I ctcoorns to \fkobic Gl^colisis — 

M^mCX 10-^) 

• • M%c’o’d LcuWmia 


o~ -o L\mphoid Lcul cmia 

\ \ 'Utloid Reactions 


r ^ ^ (-.<■ V' 2 ’'' pc’" Flour pf 2 cc liFood 
ra ion Hn iFou'ands) 
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Fio 5 Relation of Number of Lbococttes to Anaerobic Glycolysis — 
MBra(X l(r*1 

• • Myeloid Leukemia 

o '-o Lymphoid Leukemia 

X X Myeloid Reaetions 

I ^ ^ mgm of sugar per hour per 2 cc. blood 
cdl concentration (in thousands) 
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TABLE IV 


Relaliotuhip of yntlabohtm lo matunfy of leucocylet 


M«to 

rity 

Namber 
of ob»cr 
vntUuu 

Avermte 

leucCNryte 

count 

Oxvfcn caciiiiffli>> 
tlon conaUnt * 

Mfttu 

rity 

Number 
of ob«er 
vaGoos 

Ayeroie 

leucocyte 

count 

Gfycolyalit 

Group 

numb^ 

Ki 

10 min 
utei 

Kt 

SO min 
Qtta 

Groitp 

nnmbcr 

Aerobic 

mcm 

X 10-* 

Aimerobte 

(a) Mytioid strw 



ftr 





t*r 





t<9rm 





c,vm 



I 

17 

13 668 

680 

540 

I 

9 

7 898 

8 16 

14 84 

III 

4 

16 741 

464 

3 73 

1 

14 

IS 268 

6 92 

861 

11 

5 

24 005 

4 19 

3 49 

111 

2 

21 350 


5 85 

I 

4 

28^14 

3^9 

2 48 

I 

7 

27 396 

3 93 

6 06 

III 

1 

48 700 

284 

2 12 






II 

9 

100,567 

191 

1 55 

II 

1 

27 500 

841 







III 


30 700 

2 73 







III 


49 100 

1 84 

3 02 






11 


92 600 

2 08 

419 


(fr) Lymphoid ttnet 


I 

2 

18,812 

243 

Bl 

I 

n 

24 000 

1 57 

5 02 

II 

2 

106 250 

182 

■ly!l 

I 


68 800 

0 66 

167 

I 

4 

109 000 

0 91 

0 75 

II 


143 500 

048 

127 

I 

3 

298,300 

046 

045 

I 

Kb 

285,700 

0 96 

1 13 

n 

3 

462,700 

0 75 

0 77 

II 

Kb 

393 000 


0 93 

I 

2 ' 

684,500 

046 

048 

II 


462 700 

0 41 







I 

Wm 

666,000 

008 

0 42 


• c-rnm Oi consumed per 2 cc blood 

cell concentration (in thousands) X tune (hours) 
t mgm sugar per hour per 2 cc. blood 
cell concentratioa (in thousands) 


respiration of the leucocytes In Table V the cases have been arranged 
according to their erythrocyte counts In a group of the myeloid cases of 
which the average red cell count was 2 8 million and the leucocyte count 
12,109, hfi and K\ were 7 19 and S 98 respectively, as contrasted to an- 
other senes in which the red count averaged 4 6 milhon and the white 
cells 16,590, where K\ was 6 31 and Kj, 4 36 The differences in these 
oxygen constants were no greater than would be expected in view of the 
differences in the leucocyte counts Essentially the same is true for the 
other groups tabulated One must conclude that with our present 
methods of study any mfluence exerased by the red blood cells on the 
metabolism of leucoc 3 rtes, if present, cannot be determined 
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DISCUSSION 

Our observations, as described m this paper, show definitely the 
important part that concentration plays in the “in vitro'' metabolism of 
leucocytes Their oxygen consumption and aerobic and anaerobic 
glycolysis are inversely proportional to the number of white blood cells 
present. The glycolytic function is not as markedly affected as is respira- 
tion, and this may perhaps be explained by the general observation that 
glycolysis is less easily mfluenced by external factors Our results fail 
to substantiate the views advanced by Daland and Isaacs (4) and by 
Glover, Daland and Schmitz (5) concerning the influence of maturity of 
the cells on their metabolism In fact, their results are more plausibly 
explamed on the basis of concentration than on that of matunty If 
the age of the leucocyte is a factor in determining its oxygen consumption 
and glycolysis, its mfluence is entirely obscured by the effect of concen- 
tration, and can hardly be determined with our present methods 

Warburg (9) has demonstrated the difference in metabolism of various 
types of tissues Malignant tumors destroy large amounts of sugar 
aerobically and anaerobically while they consume moderate amounts of 
oxygen In contrast to this type of metabolic activity normal adult 
tissues with the exception of retina have a comparatively small aerobic 
and anaerobic glycolysis with a high respiratory function Embryonic 
tissues assume an mtermediate rdle, their aerobic glycolysis bemg small 
while the anaerobic glycolysis is quite pronounced The oxygen con- 
sumption of embryonic tissues is similar to that of normal adult tissues 
but higher than that of malignant tumors Accordmg to Bakker (10) 
who worked with polynuclear and mononuclear cells obtained from 
sterile rabbit pentoneal exudates, these cells behave m their metabolism 
like cancer cells Fujita (7) on the other hand, workmg with rats' blood 
found that the leucocytes have a metabolism sirmlar to that of embryonic 
tissue Fleischmann and Kubowitz (11) used goose and rabbit leucocytes 
suspended in Rmgers' solution and found their metabolism to resemble 
that of malignant tissues 

Our results indicate that the granulocytes of both the leukemic and 
leucocytic group with their comparatively large aerobic and anaerobic 
glycolysis resemble mahgnant tissues in their metabolism, whereas 
lymphocytes from cases of lymphatic leukemia are simdar in their meta- 
bolic activity to that of normal adult tissues 

SUMMARY 

Oxygen consumption and aerobic and anaerobic glycolysis of leuco- 
cytes have been studied in a senes of cases of leucocytosis, and acute and 
chronic myeloid and lymphoid leukemia In all 84 expenments were 
earned out, of which 23 were m cases of leucocytosis, 36 m myeloid leu- 
kemia and 25 m lymphoid leukemia These represent a wide range of 
leucocyte counts and varymg degrees of white cell matunty 



' or n ic<x\Ti 
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I 1 ''f'wrrn rn '.-itmption nnd pl\cnhticncti\it\ of lcucoc\ tc*; from 

I !ruf ro ir' hlo'Hf in Mtro, in\cr^cK proportionnl to the con- 

fv .. . rtf .Jif ■ti.i.itc ecu': in the l)lood 

' Ft c .Tmrtiint of o\\ 7 :cn cont^umed rnpidh decreases the lonpcr the 
r tr it on nf the c.\pcnmcnt The maMmum o\\pcn con'^umption per 
11 t r>^ time rcaclnxl durinp the first 10 minutes 

t Wl’r'. nllowancc i\as made for the mnucncc of concentration no 
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t)’ ' \c<l nor l)tt^\ccn that of leucocjtes from normal as compared with 
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tin* of 1\ mphoc> te'=, while the former ha\e a gljcoljtic power about 
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5 The numl)cr of red blood cells in the sample did not appear to 
influence the owgen consumption of the Icucocjtes 

6 The metabolism of granulocates under aerobic and anaerobic 
conditions resembles that of malignant tissues, while that of lymphocj tes 
IS sinidar to the metabolism of normal adult tissues 
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INTRODUCTION 

Studies beanng on the lipids of tumors have been made in most cases 
either with regard to the changes of the lipid content of the blood of tumor 
animals and patients or the relation between the lipids and the growth of 
the tumors 

Of the hpids, cholesterol has been most frequently studied Roffo 
(1) reported that cholesterol is concerned with the development of 
expenmental tumors and that an mcrease of cholesterol m blood plasma 
charactenzea the so-called precancerous stage. Also the cells of mahg- 
nant tumors cause considerable destruction of absorbed cholesterol 
Mattick and Buchwald (2) found hypercholesterolemia in the plasma of 
cancer patients with httle change in the content of the corpuscles They 
found also an accumulation of total fatty aads m the plasma ICahn (3) 
showed that malignant tumors contained large amounts of cholesterol 
and its eaters while the cholesterol content of the blood serum was lower 
than normal Bolaffi (4) could not find any particular change m the 
cholesterol content of the blood of tumor mice, but found an mcrease of 
cholesterol ester m the whole orgamsm Burgheim (5) by histochemical 
examination found larger amounts of cholesterol m malignant tumors 
than in benign ones and also found a temporary increase of cholesterol 
in the blood of cancer patients after treatment by x rays He beheved 
that this mcrease of cholesterol m the blood was caused by the destruction 
by the x rays of cells containing large amounts of cholesterol 

Phosphorus of the blood of the tumor ammals mterested Haam (6), 
Ensehne (7) and Roflfo (8) who made studies of the phospholipids and 
nucleopro terns 

The hpids of tumor tissue were first mvestigated by Bullock and 
Cramer (9) who found that they showed both quantitative and qualita- 
tive differences m different strams of tumors and that rapidly growmg 
tumors contained more phosphohpid and less cholesterol than the slowly 
growing ones 

1 Fellow in Biochemistry of the Rockefeller Foundation on leave from the 
Institute of Biochemistry, Tokyo Impenal Umversity 
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iiriD covrr'T or to'ors 


KVr-’-i.'i'' t! c lufliicnrc of tl.c Iip rjc (,„ tl.c t:ro\uh of tumnp; lutlc 
r-n r!''-p tc n pood minx inxc'^ticntion'; Mni'^in (lOj ^'ated in In'; 

'c-r-t V(<'k ;f It die; nn inHiicncc the appearance and caoltitmn of tar 
o-rr-' Prcr-^dint; rlo>-cK the dcaclopmcnt of tar cancer and diionp it*; 
r.ohitina tlic n,ctalv)’i=m of fal i*; defects c nc diown In cholcHtcnncinn 
J coirr' of Ine- Itp d'; or ether extract of Incr ha? no accclcratinp t/Toct 
r n t! c prnntli of the tumor, but rather an inhibiting one nlicn compared 
m'li a ra^x l>ctf mu'clc or a purcK xcpctarian diet A diet of lirain, rich 
in hp rh, ceem-; to hnac the «Mmc inhibiting action on tar cancer a'; liter 
!ip d' and to an c\en greater extent Rondom (11) injected cliolc*;tcrol 
Mi-pendcd in guinea pig ccrum and pli>sioIogical sodium chloride solution 
into rat*- inoculatcrl nafh tumors and found that it unqucstionablj pro- 
rroted the growth of the tumor, whereas lecithin showed itself to be nn 
inliib’tor of the tumor growth The acetone extract of tissues promoted 
grow th rnedberger and Simke (12) concluded that the growth of the 
tumo' 1 *; dependent upon the quantitx and quality of the diet A dcfi- 
caent diet or anx diet aahich causes malnutrition of the animals prexents 
the grow til of tumors Similar statements haxc been made by other 
in\c*-tigators, Caspari and Ottensooser (13) and others 

The prc'-cnt communication is a prchminarj report chicflj concerned 
with the hpid content? of xanous tumors wath reference to their physio- 
logical or pathological significance 

LIPID CONTI NT OP X'VRIOUS TUMORS 
Materials and methods 

The materials u«cd were both human and animal tumors The former 
xxert. mo'tlx obtained bx curgical operation, a few at autopsy The 
animal tumor x\a? the Mou=c Adenocarcinoma of Buffalo Strain 3 The 
tumor*:, as «oon as possible after the remoxal, xxcrc cut up fine with 
c-ivcnc? into a xxatch glass xxath a coxcr The whole xxas weighed, then 
one part of the minced tissue was transferred to a mortar in which the 
ti'^^uc x\as ground xxith sand, while the other part of the tissue xxas used 
fo" thedctcTTiination of xxatcr content After gnnding, the mass of tissue 
and •'and in the mortar xxas transferred to an Erlcnmeycr flask using a 
minim'’! amount of xxntcr (about 10 cc was used to transfer aliout 3 
g'limc of the ground ti‘:‘:ue) The extraction of the hptds was first earned 
out wath txxo po-iions of alcohol-ether mixture (3 parts alcohol and 1 part 
Ltre) fc- 10-15 minutes each, then xxith ether for 5 minutes with return 
co"d{r':'-'- r,T the steam bath The extracts were made so that about 
1 gTm o'” e mo *-t ti'^^uc was contained in 100 cc of the soixent 

lie metf o-ds of lip d anal\-’s were as follows phospholipid, Bloor’s 
rx'd-’t \e me'} 03 t'l-!i, total fattx aads, Bloor’s oxidatixe method (15), 
r -I’e-'C'o’ L'c'h coIonmcTic and OMdatne methods, but later the oxula- 
' xt me*' 0-3 06’ on’x Neutral fat was calculated b> subtracting the 
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fatty acids of the phospholipid and cholesterol ester from the total fatty 
acids according to the following formula 

Fat F A = Total FA— Phospholipid F A (2/3 of the weight of 
phospholipid) — Cholesterol ester F A (43 per cent of the 
weight of eater) 

The "residual unsaponifiable substance" was calculated by subtraction 
of the total cholesterol from the total unsapomfiable substance which was 
determined by the following procedure 

An aliquot of the lipid extract was sapomfied with 2 cc sodium 
ethylate (2 5 grams metallic sodium m 100 cc absolute alcohol) bv heating 
on the steam bath almost to dryness, then acidified with dilute sulphunc 
acid and extracted with petroleum ether The petroleum ether extract 
was transferred to a small separating funnel and to it was added the same 
amount of absolute alcohohc sodium ethylate (1 gram metallic sodium m 
100 cc absolute alcohol) It was shaken well, then water was added to 
make the concentration of alcohol m the funnel about SO per cent, the 
mixture shaken well agam and left for a while At this concentration of 
alcohol, the fatty aads set free by saponification enter the alcohol fraction 
while the unsapomfiable fraction remains m the petroleum ether which 
separates from the dilute alcohol The alcohol fraction was washed with 
a small amount of petroleum ether again Both of the petroleum ether 
fractions were combined m a glass stoppered Erlenmeyer flask, evaporated 
to dryness on the steam bath removing the last trace of the petroleum 
ether by a gentle current of the air and the lipid content determined by 
Bloor's oxidative method (IS) The matenal was calculated as choles- 
terol using the factor 3 90 Objection may be made to the use of this 
factor for the calculation since the nature of the residual unsapomfiable 
substances is unknown However for the purpose of this comparison 
the above calculation is allowable The procedures for the separation 
are modifications of those of Kumagawa and Suto (18) 

To test the recovery of unsapomfiable substance, cholesterol in this 
case, a lipid mixture contaimng known amounts of oleic aad and choles- 
terol was prepared and a separation made according to the directions 
above It was found that the recovery was complete to within a small 
fraction as the following results show 

Total unsapomfiable subsiance 


Tbeoretlcal 

Found 

IMflerencQ 



Ptr ctni 

18S 

IA7 

+ 1 

1 85 

1^1 

-2 

147 

146 

-08 

147 

143 

- 3 

1^7 

1 38 

- 6 


The results of the lipid analysis of vanous tumors are given m Table I 
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DISCUSSION 

The lipid content of vanous tumors is considerably different according 
to the nature of the tumors as shown in Table I The high content 
of phosphohpid in cancers, particularly in human cancers compared 
with other tumors is espeaally striking The cholesterol content seems 


TABLE I 


Liptd content of tumors 

{The content ts expressed tn grams per 100 grams dry tissue) 









Residual 





Cholesterol t 


un saponifiable 



Dry ! 
8Ub“ 







Tumors 


Phos- 



Fat 



! 

1 

stance j 

i 

pholiptd j 

Total 

Free 

Con- 

tent 

Percent 
of total 
unsapon 
ifiable 







per cent | 







A 


1 







Fibrosarcoma 

1 

19 59 

5 720 

2 107 

1 585 

2 100 




2 

13 13 

4 733 

1 700 

1 690 

3 471 



Neurofibroma 

1 

14 86 

4 104 

1 338 

1 158 

1 620 



Fibromyoma (uterus) 

1 

21 77 

2 283 

0 685 

0 668 

1468 




2 


2 428 

0 671 

0 623 

1468 




3 

20 74 

2 108 

0 667 

0 630 

0 650 

0 128 

161 


4 

21 41 

2 448 

0 722 

0 680 

0 200 

0 333 

316 

Colloid adenoma (thyroid 




1 





gland) 

1 

24 58 

1 395 

0 470 

0 405 

0 395 

0197 

29 6 

B 

Caranoma (stomach) * 

1 

19 59 

7 065 

1 533 

1472 

2 529 



Caranoma (pancreas) * 

1 

25 40 

9 573 

0 781 


27 444 



Carcinoma (breast) 

1 

20 21 

4 462 

1 258 

1^1 

8 300 

1 300 

510 

2 

24 95 

4 092 

1 145 


9 900 

0 928 

448 


3 

18 17 

3 POO 

1 193 

0 971 

13 400 

0 989 

45 0 

Caranoma (uterus) 

1 

18 16 

6 195 

4 677 

1435 

1 790 

1293 

21 7 

Caranoma (colon) 

1 

20 53 

5 808 

1 525 

1 150 

2 750 

0 685 

310 

2 

17 05 

6 016 

1 992 

1465 

1 770 

3 088 


Uterus muscle t 


20 33 

3 508 

1 015 

1000 

0 675 



Colon tissue t 


16 53 

2 077 

1023 

0 965 

1 

14 700 



C 

Mouse caranoma 

1 

19 18 

10 724 

2 085 

1 778 

1 352 

1 378 

39 8 


2 

18 93 

' 6 308 

1 891 

1 591 

5 861 

0 872 

315 


3 

19 10 

7 612 

2 983 

2 186 

4 889 


17 9 


4 

17 88 

6 570 

2 362 

1590 

5 600 


23 6 


5 

17 98 

6 320 

2 373 

1402 

2 730 


22 6 


6 

19 83 

5 190 

2 495 

1 710 

4 090 

1325 

34 7 


A Human tumors other than cancer B Human cancers C Mouse 


cancers 

* Tumors obtained at autopsy 

t Muscle of the uterus, mucosa and submucosa of the colon near the tumors 
which were analysed 

t Cholesterol w as determined by the oxidative method 
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higher in cancers than m the others, but not bo high as the phospholipid 
In two cases of human cancer, colon and uterus cancer, the lipid content 
of these tumors were compared with those of the mother tissues upon 
which the tumors were growing and it was found that the phospholipid 
content of these malignant tumors was much higher than that of the 
mother tissues The residual unsapomfiable substances were not 
determined m all tumors due to the lack of material 

SDUUARY 

It IS difficult, stnctly speaking, to classify tumors into malignant 
and benign ones The transplantable mouse carcinoma may also be 
greatly diSerent from the human carcinoma. However, the tumors of 
Group A may be classified as mostly bemgn, whereas Group B and prob- 
ably C are no doubt malignant. If this classification be granted, the 
following can be stated as the summary of this expenment 

Malignant tumors contam a much higher percentage of fatty sub- 
i stances — neutral fat, phospholipid and cholesterol — than the less malig- 
j nant ones, a high phosphohpid content bemg especially charactenstic of 
* malignancy 

The wnters wish to express their cordial thanks to Drs J J Morton 
and W J M Scott of the Surgical Department and to Dr K M Wilson 
of the Gyntecologcal Department of this Medical School for providmg 
matenals of this expenment 

Nora. Since tin* work was fir»t reported (17) there have appeared two pieces of 
work on the same topic by LeMay (19) and Biench, Detrel and I.ang (20) The resulta 
are aimilar to those reported above and so need not be discussed but taken together 
theae investigations leave httle room for doubt that malignant turaora are characterized 
by a much higher content of phospholipid and probably of cholesterol than benign 
tumors or than the corresponding normal tissues 
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PLASMAPHERESIS EDEMA I THE RELATION OF REDUC- 
TION OF SERUM PROTEINS TO EDEMA AND THE 
PATHOLOGICAL ANATOMY ACCOMPANYING 
PLASMAPHERESIS > 

By DANIEL C DARROW EDWARD B HOPPER, and M KATHARINE CARY 
(From the Department ef Pediatrics, Yale Vnmrtity School of Medicine, New Baoen) 

(Recetved for publication March 14 1932) 

Almost forty years ago, Starling (1) measured the osmotic pressure 
of serum protem and showed that exchanges of flmd between the blood 
plasma and mterstitial spaces could be explamed by the diminution of 
the capillary hydrostatic pressure of blood in passing from the artenes 
to the veins and the osmotic pressure of the proteins Krogh (2) has 
elaborated this idea and given more precise measurements of the factors 
govemmg the physiology of the capillanes 

Clinical application of the physiological prmaples involving exchange 
of water across the capillanes has been surpnsmgly slow Starlmg’s 
conception of the exchange of water between the blood and mterstitial 
spaces would seem to have occurred to Bnght (3) and some such idea was 
definitely proposed by Sabatier (4) and Solon (5) about a hundred years 
ago Although many writers seem to have appreaated the physiological 
idle of serum protems until the end of the nmeteenth century, for a time 
their function was forgotten However, Epstein (6) seems to have been 
the first to emphasize that edema of nephnbs and nephrosis could be 
explamed by the low serum protem concentration (jotaerts (7), Schade 
and Claussen (8), v Farkas (9) and others have made numerous measure- 
ments of the osmotic pressure of serum proteins and have shown that 
edema m renal disease is regularly accompanied by low serum protem 
concentration and low colloidal osmotic (oncotic) pressure, while m edema 
of heart chsease not accompamed by protemuna there is usually a high 
venous pressure 

The assoaation of edema with low serum protem concentration is now 
well established (Peters, Wakeman, Eisenman and Lee (10), Van Slyke 
et al (11) and others) (Jovaerts and v Farkas found that a one per cent 
solution of albumm exerts about three times as great an osmobc pressure 
as a one per cent solubon of globulm This explains the fact that, in 

* Part of the data in this paper was taken from the thesis of E B Hopper, 
done in partial fulfillment of the requirement for the degree of Doctor of 
Methane in Yale Umversity School of Methane A prehminary report was 
read before the Philadelphia Pediatric Soaety, May 14 1929 
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edema due to low oncotic pressure, the albumin fraction of the plasma 
protein is usually low At present it appears that albumin-defiat is the 
chief cause of the edema occurring in nephntis, nephrosis, nutritional 
edema and cachectic states 

Kohman (12) by feeding rats a diet low in protein, produced edema, 
which has been shown by Fnsch, Mendel and Peters (13) to be accom- 
panied by low concentration of serum protein Shelburne and Egloff 

(14) have produced edema in a dog by feeding a low protein diet for a 
period of three months and then on observing a low serum protein 
concentration administenng physiological saline by gavage The type 
of expenments to be reported were first successfully earned out by Leiter 

(15) but similar work was started independently at about the same time 
by Barker and I^rk (16) and ourselves Weech and Snelhng (17) have 
recently performed similar expenments and will publish data showing the 
relation of the concentration of plasma proteins to chlonde and sodium 
metabolism The results of these groups of workers show that edema 
may be produced by reduang the content of plasma protein by repeatedly 
bleeding dogs, each time returning to the circulation the cells suspended 
m saline after removal of the plasma The data of the vanous laborato- 
nes confirm and supplement each other and give a fair idea of the picture 
of expenmental edema produced in such a fashion 

METHODS 

Dogs were bled by pimcture of the femoral artery, except in the first 
experiment In this case, eleven bleedings were obtamed from the 
jugular veins The blood was collected in enough three per cent sodium 
citrate to give a final solution of about 0 3 per cent The blood was cen- 
trifuged m 250 ml centrifuge tubes and the plasma removed by suction 
The centnfuge tubes were calibrated to permit rough but comparable 
estimations of the per cent by volume of red cells The separated red 
cells, suspended in a 0 9 per cent solution of sodium chlonde, were in- 
jected into the jugular veins The succeeding bleeding was performed in 
most instances before returning the suspended cells, so as to increase the 
amount of plasma protein removed In washing the cells into the veins, 
it was usually necessary to inject an amount of salt solution in excess 
of the amount of plasma removed This excess is designated on the 
charts as extra I V saline When the plasma proteins had reached a low 
level, physiological saline solution was given by gavage in order to have 
enough of this salt available to produce a large amount of interstitial 
fluid Blood samples were withdrawn under liqmd petrolatum in the 
morning before the first bleeding, that is, about eighteen hours after the 
previous bleeding or saline gavage 

The total protein was estimated in duplicate on one ml of serum by 
the macro-Kjeldahl method, usmg 30 per cent hydrogen peroxide to 
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facilitate complete oxidation Albumin was determined by the Howe 
(18) method of preapitating globulin with NajSOi in the first two expen 
ments and in the third expenment up to the eighth day Thereafter 
Howe's method, using a mixture of KHj POi and KjH PO< (1 2) to pre- 
apitate the globulm, was used in the majonty of the determinations 
The change in method was made because the globuhn dropped so low in a 
rather unexpected manner, in Expenment HI Essentially idenbcal 
results were obtamed for three days in Expenment HI and also on a 
number of specimens of human serum by both the sodium sulphate and 
the phosphate precipitation of globuhn In general, m our hands, the 
phosphate precipitation gives more uniform results from day to day on 
the same pabent and does not give the occasional wide fluctuations that 
seem most likely to be due to errore m the method However, m most 
cases the two methods give essentially the same results In our opimon 
the methods of precipitation of globuhn are all probably maccurate 
and data mvolvmg globulm and albumm determmations must be used 
with caubon However, there seems to be good reason to believe that 
there are at least two fracbons of serum proteins havmg qmte different 
funcbons 

The present work is divided mto two parts (1) The relabon of serum 
protem to edema and the anatonucal changes produced by plasmaphere- 
sis, and (2) the chemical pattern of the blood produced by plasmpheresis 
'The first phase of the work is given m this paper and the second phase m 
the subsequent paper in this Journal 

The essential data are presented in the accompanymg charts of Ex 
penments I, II, III, IV, and V 'The upper Imes represent the concen- 
trabons of total protem, albumm and globulm m the serum The lower 
Imes represent the weights of the dogs and the total osmobc pressure of 
the serum protems These oncobc pressure values were calculated by 
mulbplymg the per cent of albumm by 5 6 and the per cent of globulm 
by 1 45 These are the factors given by Govaerts (7) for the conversion 
of concentrabons of albumm and globulm to the osmobc pressure which 
they exert The figures below represent the volume of the bleedmgs, 
the amount of 0 9 per cent salme which was injected above the amount 
necessary to replace the plasma removed, and the amount of 0 9 per cent 
salt Eolubon given by gavage Although corrected for the volume of 
abate, the figures for the per cent by volume of erythrocytes are only 
approximate At the top of the charts the amount of edema is repre 

sented by -) when the skm m dependent parts felt rather doughy, but 

there was no defimtely pitbng edema, -f when there was pittmg edema, 
and -1--1- when there were pitbng edema and definite signs of asates 
At the end of the paper addibonal observabons are recorded concerning 
each expenment These notes are not complete protocols, but, together 
with the charts, report the facts that seem significanb 
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Chart 1 Experiment I 
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One would like to know the level of protein which is necessary for the 
production of edema This can not be determined preosely from the 
data of these expenments After a given bleedmg and transfusion of 
cells suspended m sahne solution, the plasma protein content was very 
low However, the content rose fairly rapidly and reached the level 



reported about eighteen hours later Smce the direction of water ex- 
change IS the best measure of the tendency to the formation of edema, 
an mcrease in waght is probably the best available evidence that the 
conditions necessary for edema production were present However, at 
the time of takmg the blood samples, the proteins may have reached 
already a level which would ultimately lead to a disappearance of edema 
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Therefore, the morning level of protein that was accompanied by in- 
crease in weight and edema represents a figure probably somewhat higher 
than that which would be found if one could devise experiments which 
would lead to a constant low level of plasma protein 

Beanng in nund the above considerations, the data are fairly consis- 
tent E^ema tended to appear when the total protein concentration fell 
below 3 5 to 3 0 per cent As one nught expect from the fact that a given 



Chart 3 Experiment III 


concentration of albunun has about three to four times as great osmotic 
pressure as the same concentration of globulin, the occurrence of edema 
IS more closely related to the concentration of albumin than to the con- 
centration of total protein Thus edema occurred in all cases when the 
serum albumin concentration was below two per cent and was increasing 
when the albunun concentration was loner than 1 5 per cent As the 
concentration of the serum albumin approached two per cent there was 
either questionable edema or a tendency to retention of water, as exhibited 
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by an increase in weight in the afternoon The dogs were weighed morn- 
ing and afternoon but the afternoon weight is not recorded on the charts 
except where it differed significantly from the morning weight Expen- 
ment IV illustrates well the greater importance of albumin In this case 
the total protein concentration was below 3 0 per cent for two days and 



below 4 0 per cent for five days, but edema did not appear until the 
albumin had reached the cntical level of 1 8 per cent 

The occurrence of edema should be more closely related to the total 
osmotic pressure of albumin plus globulin than to the concentration of 
albumin or of total protein The line representing the osmotic pressure 
of the proteins demonstrates that this is the case Edema seems to occur 
regularly when the osmotic pressure of the proteins drops below 11 to 12 
mm of mercury 

Presumably the large amounts of 0 9 per cent saline given by gavage 
and injected intravenously aggravated the edema Clinically it is 
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recognized that NaCl is not the cause of edema but merely provides the 
chief ions of interstitial fluid and hence allows the body to increase the 
amount of interstitial fluid without greatly disturbmg the electrolyte 
eqmlibnum existing between cellular and extracellular fluid In Expen 
ment I a hter of 0 9 per cent saline was given by gavage and SOO ml was 
mjected mtravenously on each of the four days following the interruption 
of the bleedmg Nevertheless, the edema decreased rapidly In Expen- 
ment IV, the mtravenous injection of saline was continued two days after 
the bleeding and again the edema disappeared promptly These expen 
ments seem to prove that NaCl did not play a pnmary r61e in the produc- 
tion of the experimental edema 

The plasmapheresis reduced the albumin and globulm in about the 
same proportions This fact may be apprenated best by examming 
Charts 6, 7 and 8 In these charts, the serum protein, serum albumm 
and serum globulm are charted as per cent of their values before bleedmg 
was started In Expenmen ts I, II and V the concentrations of total 
protem, albumin and globulm, were all reduced m the same proportions 
while the bleedmg was being contmued In Expenment IV the globulm 
seems to have been reduced a little more rapidly than the albumm This 
result may be due m part to diflSculty in the preapitabon of the globulm 
m the two specimens taken before the bleedmg An average of the two 
values was taken m constructing the charts, but if the lower value had 
been used, the total protem, albumin and globulm lines would have 
been more nearly parallel In any case, the globulm was very low dunng 
the penod of rapid depletion of the plasma proteins and a small error m 
the determmation of total protein and albumin would have a relatively 
large effect on the globulm, since this latter is determined by difference 
For this reason, Expenment IV, m conjunction with the other expen- 
ments, seems to mdicate that the total protem, albumm and globulm are 
reduced m about the same proportions dunng rapid plasmapheresis 

In Experiments I and IV it is clear that after the bleedmg is stopped 
the globulin recovers its previous concentration more rapidly than 
albumm After about a week the globulm is normal or above normal 
The albumm does not reach its normal concentration imtil two to three 
weeks after the plasmapheresis has been discontmued If the globuhn 
goes above the normal value, it tends to return to the normal value at 
about the same time as does the albumm 

Barker imd Kirk (16) report a more rapid reduction of albumin than 
globuhn Indeed m some of their expenments the globuhn was above the 
normal level at the time edema appeared They found the albumm 
level for the production of edema to be one per cent. A similar cntical 
level for human subjects is indicated by a small number of cases reported 
m their paper 
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The discrepancy between their results and ours is apparently due to 
some difference in method in the preapitation of globulm Both before 
and after bleeding, their globulin concentrations are higher than ours 
The same may be said of their values for globuhn m patients with edema 
However, it should be pointed out that since the dogs studied by Barker 
and Kirk were bled over a longer penod of time, they might have had a 
greater opportumty to develop a change m the relative concentrabons of 
ibumm and globulm, due to the difference in the rate of regenerabon of 
the two protem fracbons In the experiments reported by them there 
seems to be a more rapid reproducbon of globuhn, which rmght explam 




694 


PLASMAPHERESIS EDEMA I 


Palliological anatomy of dogs rettdcred edematous by 
plasmapheresis 

Barker and ICirk (16) and Barker (19) examined the kidneys of dogs 
Math low concentration of serum proteins resulting from plasmapheresis 
In those dogs lulled in about two weeks, the kidneys were swollen and 
microscopically showed marked cloudy swelling, some desquamation 
of the epithelium and extrusion of cellular nuclei After about two 
months, the kidneys were normal in gross appearance, but atrophy of the 
tubular epithelium was evident microscopically "At sl\ months the 
gross changes were pronounced The capsule stripped easily but left a 
roughened and dimpled surface The cortex was greatly narrowed and 
appeared marked with greyish-white streaks Microscopic exanunation 
revealed marked scar-tissue replacement m the inner half, producing 
dimpling There was great increase in the tubular degeneration, fatty 
infiltration and glomerular atrophy over that seen earlier in the process ” 
Barker and Kirk thought the low concentration of the plasma proteins 
might be the effective cause of tubular degeneration and even glomerular 
atrophy, when long continued 

Leiter (15) examined a number of kidneys of dogs subjected to plas- 
mapheresis He was unable to substantiate Barker and Kirk Such 
lesions as he saw were thought to be a spontaneous nephntis which 
occasionally occurs in dogs 

In the present study, one dog was killed after ten days of plasma- 
pheresis, another after six days, and a third one after ten days The 
last dog was used in both Expenments IV and V but almost a year elapsed 
between the two studies and the dog was in excellent condition before the 
second period of plasmapheresis 

We find considerable difficulty in interpreting our own histological 
findings Grossly the organs appear normal The sections of the kidneys 
show no scamng nor cellular infiltration The glomeruli are normal 
The convoluted tubules do not show sharp cellular outlines, the cytoplasm 
stains pink with hematoxylin and eosin and is rather coarsely granular 
The nuclei appear essentially normal In places the lumma of the tubules 
are filled with pink staining granular matenal The picture is that of 
rather marked cloudy swelling Such a change is frequent at autopsies 
on human beings and little significance is attached to the finding How- 
ever, the fact that the dogs were killed and the tissue immediately fixed 
with Zenker’s fluid, makes one hesitate to disregard the cloudy swelling 
entirely 

The liver capillaries are dilated and the liver cells appear smaller 
than normal There is some granular detritus between the liver cells 
and capillaries The appearance approximates that desenbed by Wol- 
bach and Blackfan (20) in cases of nephrosis The sections of the heart, 
adrenals and spleen show no sigmficant changes 
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The histological picture was controlled by examining two dogs sub 
jected to the same procedures except plasmapheresis In one dog, 
weighing 9 kgm , 500 ml of 0 9 per cent NaCl were injected intravenously 
and 700 ml of 0 9 per cent NaCl given by gavage for four days On the 
fifth day one liter of salt solubon was given mtravenously and by gavage 
On the sixth day the dog was lolled with chloroform and the organs ex- 
amined Nothmg abnormal was found grossly The kmdeys showed 
cloudy swellmg just as pronounced as that of the dogs subjected to 
plasmapheresis The liver cells were loaded with fat, but otherwise 
normal The other tissues appeared normal microscopically The 
other dog showed similar findings The authors feel that any changes 
noted in the kidneys of the dogs subjected to plasmapheresis may be due 
to the large amounts of saline mjected intravenously and given by gavage 

The changes in the kidneys are of a nature generally considered as 
reparable and, even if they are in part dejiendent on low concentration of 
serum protein, should not lead to permanent renal damage Indeed, 
even in cases of “pure nephrosis,” the kidneys show, for the most part, 
only a very marked cloudy swellmg and some fatty changes m the tubules 
Wolbach and Blackfan (20) felt that the lesions they found in the tubules 
were capable of repair in all but the most extreme instances There 
seems to be little justification for assummg that low concentration of 
plasma protem is a cause of permanent renal mjury m nephrosis or 
hydropigenous nephntis 

On several occasions unne was examined for albumin, sugar, casts 
and cells Nothing suggestmg renal mjury was found At the autopsies 
in Exjjenments II and III, the unne contained almost fifteen grams per 
liter of chlonde expressed as NaCl This findmg mdicates excellent 
ability to concentrate chlondes Barker and Kirk (16) report occasional 
proteinuna and cylindruna This occurred after several weeks of bleed 
ing and was transient 

The analogy between the state of the dogs with low plasma protem 
concentration and cases of nephrosis, nutnbonal edema and cachectic 
states with edema is fairly close In all, the production of edema is 
mainly dependent on low concentration of plasma albumin In all, the 
edema flmd is practically free of protein In all, symptoms of under- 
nutnbon appear Barker and Kirk found a low basal metabolic rate, 
which IS frequently encountered in nephrosis as well as in starvation 
edema. We were impressed with the loss of weight accompanying 
plasmapheresis when there was no edema, as wereLeiter (15) and Barker 
and Kirk (16) All the dogs tended to have loose stools dunng the 
edematous phase and m Ex-penments I and IV, this amounted to a 
moderate diarrhea In Expenment 1, the diarrhea occurred at a time 
when salt solution was bemg given by gavage, but m Expenment IV, 
the most marked diarrhea occurred on the thirteenth day when salt 
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solution had not been given by mouth for forty-eight hours The loose 
stools would, therefore, seem to be part of the mechanism for getting nd 
of the large amounts of interstitial flmds dunng the period of recovery 
from edema Similar obser\'^ations have been fairly frequent in those 
cases of nephrosis which we have seen 

In the succeeding paper it will be pointed out that the chlonde con- 
centration of the serum tends to be high, as is also the case in clinical 
instances of edema with low concentration of serum protein 

SUMMARY 

(1) Five dogs were bled and the cells reinjected after removal of 
the plasma proteins By this procedure the albumin and globulin were 
reduced in approximately the same proportions After the bleeding 
was stopped the restoration of globulin was more rapid than that of 
albumin 

(2) There seemed to be a cntical concentration of 3 to 3 5 per cent 
total plasma protein at which edema appeared The cntical concentra- 
tion of 1 5 per cent albumin seems to determine the production of edema 
more regularly than the total protein concentration The occurrence of 
edema is most closely associated with a total protein osmotic pressure 
below 12 mm of mercury, when the protein osmotic pressure is calculated 
according to Govaerts (7) 

(3) Microscopic exanrunation of the tissues of three dogs lolled during 
the edematous phase revealed marked cloudy swelling of the tubular 
epithelium of the kidneys, but no lesions that did not seem readily re- 
parable The liver showed rather marked dilation of the capillanes and 
the liver cells were small and rather granular Sections from heart, 
adrenal and spleen revealed no lesions Similar cloudy swelling of the 
kidneys occurred in dogs subjected to the intravenous injection of saline 
and the adnunistration of salt solution by gavage In our opinion a low 
concentration of plasma protein is not a significant cause of permanent 
renal damage 

CONCLUSIONS 

Dogs rendered edematous by plasmapheresis show a type of edema 
closely analogous to that of cases of nephrosis, hydropigenous nephntis, 
nutritional edema and cachectic states Low plasma protein should not 
be considered a cause of permanent renal damage 

PROTOCOLS 

Experiment I Healthy adult male Airedale The first eleven bleedings 
were obtained from jugular veins Thereafter all bleedings were from femoral 
artenes On the follownng days blood was lost first day about 150 ml through 
clotting, twelfth day about 100 ml through dotting, and fifteenth day about 
125 ml through breaking of a centnfuge tube The dog’s appetite was poor 
from the tenth to the twentieth day of the expenment Dunng the penod of 
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marked edema the dog seemed fairly well but was listless There was evidence 
of weakness and nausea after the larger bleedings of the fifteenth and sixteenth 
days The stools were loose during the edematous penod and there was 
moderate diarrhea on the twenty first day The appetite returned quickly 
when the bleeding was stopped The dog lost body tissue during the expen 
ment, as was evidenced by his appearance and weight after recovery 

Expennient II Rather small, healthy mongrel colUe. All bleedings were 
from femoral artenes and transfusions into jugular veins. An attempt was 
made to feed the dog a diet high m fat and carbohydrate and low in protein, 
made up of a known mixture of casein, lard dextrine, salts and vitamins. 
This led to visible lipemia dunng the first days but after the fourth day the 
dog refused to eat and the Iipemia disappeared He was then given the kennel 
diet of dog biscuit and a little meat, of which he likewise refused the greater 
part. About 150 ml of blood was lost through dotting on the first day 
This dog showed considerable weakness and nausea and his veins seemed 
collapsed after each bleeding On the fifth day he was transfused with about 
80 ml of compatible erythrocytes from another dog On the fifth and sixth 
days the transfusions were given before, rather than after, the bleeding On 
the tenth day the transfusion was thought to be going into the lower part of 
the jugular vein but it was discovered later that most of it had infiltrated the 
neck and mediastinal tissues The dog remained weak and had difficult, rather 
rapid deep breathing which suggested aadosis Although he seemed to be 
recovenng at 8 P M he was so uncomfortable that he was killed with chloro 
form after the removal of clear abdominal fluid and samples of arterial and 
venous blood 

At this time there was marked pitting edema of the chest walls and legs 
and shifting dullness in the abdomen 

Postmertem unne — Aad reaction No reaction for protein or sugar 
Microscopically no casta, erythrocytes or leukocytes Chloride 14 95 grams 
NaCl per bter 

Aitiopsy — The abdomen contained about 500 ml of a slightly doudy, color 
less fluid Together the chest cavities contained about 750 ml of similar fluid 
which contained tome red cells which had apparently come from the medias 
tinum The mediastinum and lower tissues of the neck were infiltrated with 
blood from the misdirected transfusion The trachea may have been com 
pressed by this fluid Viscera were normal grossly 

Microscopic sections of the liver, spleen and heart were essentially normal, 
except for shght doudy swelling The kidney sections are discussed elsewhere. 

Expenmeni III Large, fat Airedale rather old in appearance. All 
bleedings were from femoral artenes and transfusions into jugular veins This 
dog seemed to be more affected by the bleedings than the other dogs After 
the bleedings he usually exhibited nausea, spasmodic movements of the 
abdominal musdes and diaphragm He vomited on the sixth, mnth and 
tenth days On the eleventh day, having eaten little since the seventh, he 
was hstless, but otherwise he acted fairly normally He showed pitting 
edema in the loose skin around the Achillea tendon and the subcutaneous 
tissue elsewhere felt boggy Artenal and venous samples were obtained and 
the dog was then killed with chloroform and abdominal fimd obtained after 
opemng the peritoneum Postmortem unne contained 14 8 grams Cl as NaCl 
per liter The unne gave no reaction for protein or sugar and showed no 
abnormality microscopically 

Autopsy — Nothing remarkable was found grossly, except edematous sub- 
cutaneous tisaues, about 400 ml of slightly cloudy, colorless abdominal fluid 
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and about 75 ml of similar fluid in each chest ca^^ty Microscopic sections 
of the heart, lungs, spleen and liver were essentially normal except for slight 
cloudy swelling The kidney sections are discussed elsew'here 

Experiment IV Healthy female German shepherd All bleedings were 
from femoral artenes and transfusions into jugular veins All samples were 
taken before bleeding m the morning On the fourth day the dog vomited 
after each bleeding The dog showred weakness and nausea after several of the 
larger bleedings, but seemed to feel well after being transfused From the 
sixth to the twelfth day the appetite wras poor The stools were loose dunng 
the edematous phase There was moderate diarrhea on the thirteenth day 
when the edema was clearing On the twelfth day this dog was more edema- 
tous than any of the other animals She showed marked pitting edema of the 
back, chest w’alls, front and hind legs There was bulging of the flanks, 
shifting dullness in the abdomen, and considerable dyspnea, apparently due to 
chest fluid The dog was somewhat apathetic and was not interested m food, 
but otherwise did not seem ill She was lively the next day and apparently 
normal in two days How'ever, she became very thin dunng the next two 
weeks 

Experiment F Healthy female German shepherd This was the same 
dog used in Expenment IV Almost a year had elapsed since Expenment IV 
and she was in better physical condition for the second than the first experi- 
ment All bleedings were from femoral artenes and transfusions into jugular 
veins Bleedings caused little or no symptoms At 6 P M of the twelfth 
day, definite pitting edema of the hind legs and abdominal wall and shifting 
dullness of the flanks were found The next morning the shifting dullness of 
the abdomen was gone, but there was still moderate edema of the abdominal 
wall and hind legs Arterial and venous samples of blood were taken and 
several unsuccessful attempts were made to obtain abdominal fluid The dog 
w’as killed wnth chloroform 

Autopsy — Nothing abnormal was found grossly except edema of the sub- 
cutaneous tissues and about 50 ml of slightly blood tinged fluid in the ab- 
dominal cavity The blood undoubtedly came from the attempts to obtain 
abdominal fluid just before killing the animal Microscopic sechons of the 
heart, spleen, lixer, adrenals and kidneys were essentially negative, except 
for slight cloudy swelling of the liver and kidneys The kidney sections have 
already been discussed in detail 
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PLASMAPHERESIS EDEMA II THE EFFECT OF 
REDUCTION OF SERUM PROTEIN ON THE 
ELECTROLYTE PATTERN AND CALCIUM 
CONCENTRATION 

By DANIEL C DARROW EDWARD B HOPPER A.VD il KATHARINE CARY 
{From the Department of Pediatrics Yale Dnivernty School of Medicine, Ac® Haven) 
(RecenTd for pabtication March 14, 1932) 

In a previous paper (1) it was shown that, when the concentration of 
serum protem had been reduced to about three per cent by plasmaphere- 
sis, dogs became edematous The type of edema produced m this way is 
probably most closely analogous to that of nutritional edema. 

In connection with the work on dogs reported m that paper, certam 
studies of serum and asatic electrolytes were undertaken and will be 
discussed in this paper Phj'siological sahne was injected into two addi- 
tional dogs to determine the effect of this procedure on serum electrolytes 
under conditions similar to those of the plasmapheresis experiments 

METHODS 

About eighteen hours after previous bleedings or administration of salt 
solution blood was withdrawn from a femoral artery or jugular \ein and was 
allowed to dot under oiL Serum was used for all analyses. Asatic fluid was 
taken at necropsj in Expenments HI and V but in the other cases by abdomi- 
nal paracentesis The following chemical methods were used Bicarbonate, 
manometnc method of Van Slj ke and Neill (2) using 0 2 ml chlonde, Van 
Slyke (3) using potassium permanganate to oxidize the proteins phosphate, 
Benedict and Theis (4) total base, Stadie and Ross s (5) modification of the 
Fiske method without removing phosphate or appljnng a correction for phos- 
phate mtrogen by gross Kjddahl on 1 ml of serum using thirtj per cent hydro- 
gen peroxide to fadhtate complete oxidation nonprotein mtrogen, Folin and 
Wu (6) and calaum Clark and CoUips (7) modification of Kramer and Tis- 
dall 8 method Albumin was determined by the Howe (8) method of preapi- 
tating globulin with NajSO^ in the firet two experiments and in the third 
expenment up to the aghth day Thereafter Howe s method using a mixture 
of KHiPOi and K1HFO4 (1 2) to preapitate the globulin was adopted The 
two methods give essentially identical rwults but we have found the phosphate 
method somewhat more consistent from day to day Total mtrogen minus 
nonprotein mtrogen was multiplied by 6 25 to obtain protein All determina- 
tions except phosphate and nonprotein mtrogen were run in dupUcate. 

All analyses are expressed in miUi-equivalents (m eq ) of umvalent base 
per Uter of serum In converting proton to eqmvalents of base, the factors 
of Van Sljke, Hastings, HHler and Sendroy (9) were used namely albumin 
per cent X 2.73 and globulin per cent X 1 87 Total carbon dioxide was con- 
verted to bicarbonate at pH 7.38 by multipljnng carbon dioxide volumes per 
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cent by 0 423 Dibasic and monobasic phosphate were assumed to occur in 
the ratio of 4 1 

The ^ alues for concentrations in m cq per liter w ere converted to m cq 
per kilogram of water in calculating the data represented in Chart 2 The 
follownng formula of Van Slyke, Wu and McLean (10) was used for this pur- 
pose water = 99 — 0 8 P, in wrhich P is the protein in per cent This for- 
mula has been tested a number of times and found to agree satisfactonly with 
the dned weight except in plasma ha^ng a large amount of lipoid It should 
be pointed out that although dned weight is not the same as water content, 
the error of such an assumption is probably small 

The expenments I, II, III, IV and V consisted of bleeding once or 
twice a day, centnfuging the citrated blood and returning the erythrocytes 
suspended iP 0 9 per cent solution of NaCl after first removing the plasma 
In order to faalitate the production of a considerable amount of edema, 
0 9 per cent NaCl solution was given by gavage when the serum proteins 
had reached the level at which edema might be expected The experi- 
ments should affect the electrolyte pattern of the blood (1) by reduction 
of the plasma protein concentration, (2) because of the administration 
of considerable quantities of NaCl, (3) through loss of blood and (4) 
perhaps by undefinable effects of the vanous expenmental procedures 
The hematocrit figures reported m the previous paper show that loss of 
erythrocytes should not effect the electrolyte pattern to any considerable 
extent The reduction of hematoent was from about thirty-five to 
tw^enty-five per cent It w'as felt that the elapse of eighteen hours be- 
tween the administration of salt solution and obtaining the sample of 
blood would allow any disturbance due to the NaCl solution to be ad- 
justed so that the blood samples would represent essentially the effects 
of reduction of plasma protein Nevertheless, as a control, two dogs were 
subjected to daily intravenous injections of 0 9 per cent NaCl and speci- 
mens removed m the morning This duplicated the procedure of the 
previous expenments except for the plasmapheresis The amount of 
saline injection in the control dogs is greater than that injected in the 
plasmapheresis expenments, but considerably less than the amount of 
salme given by gavage 

The data will be presented from three points of view (1) the effect 
of change m serum protein concentration on the electrolyte pattern of the 
serum , (2) a companson of the concentrations of asatic flmd electrolytes 
with those of artenal and venous serum, (3) the effect of change in pro- 
tein concentration on calaura concentration 

I The effect of change m serum protein on serum electrolytes 

Table I presents the data of the plasmapheresis expenments in detail 
The follownng speamens are distinctly aberrant the serum and asatic 
fluids m Expenment II on the tenth day, which were taken about six 
hours after mjection of phj’siological salt solution and which showed 
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high chlonde and total base, and low bicarbonate, the serum in Expen* 
ment IV on the second day when the bicarbonate was unexplainably low, 
and the ascitic fluid in Experiment V which was contaminated with blood 
and suffered a good deal of exposure before analysis The results on 
these samples were not used in the analj'sis of the data 

The data give one an opportunity to observe the effect of a change 
in protein concentration on the concentration of bicarbonate, chlonde 
and total base The general trend of the results can be appreciated best 
by exarmning Charts 1 and 2 In Chart 1 the concentrations of bicarbon- 



ate, chlonde and total base per liter of serum are represented as related to 
protein per cent Chart 2 shows the same relationship when all concen- 
trations are expressed per kilogram of serum Mater The onginal values 
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•were cxin'verted to concentraUona per lalogram of serum water by the 
formula previously mentioned The purpose of Chart 2 is to ehmmate 
the effects that are brought about by the varymg content of serum 
■water which accompames the large changes m serum protein concentra- 
tion Although the formula for estimating -water content from protein 
per cent expresses dned -weight rather than water content, it is probably 



Chart 2 

suffiaently accurate for our purpose In Chart 2, the protein per cent is 
converted to base combiiung power, smce the base combmmg power of the 
proteins is the factor most likely to affect electrolyte concentration if the 
effect of protein on water content is ebmmated In both charts the data 
of serums taken o-ver forty hours after any previous administration of salt 
solution are represented by x's, those of serums taken about eighteen 
hours after adimnistration of salt solution by dots and those of the 
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ascitic fluids by dots surrounded by circles The figures obtained in both 
tlie control (see Table II) and the plasmapheresis expenments are repre- 
sented on the charts The introduction of the data of the control animals 
does not significantly alter the interpretation of the results which would 
be obtained if only the data of the plasmapheresis animals had been used 
Inspection of the charts reveals that the distribution of bicarbonate 
and total base is not significantly affected by the change in protein con- 
centration Both bicarbonate and base are somewhat more widely 
scattered than normal but this dispersion does not seem to be brought 
about by the injection of salt solution since the re’s and dots have about 
the same distribution 

Chart 1 shows that the chlonde vanes inversely with the protein 
The line of regression ^ is represented on the chart and the equation of 
this IS (Cl), = 120 64 — 1 87 P db 2 06 where (Cl), is chlonde in m eq 
per liter, P is protein per cent, and ± 2 06 is the probable error The 
probable error of the slope (or regression coefficient) is ±0 21 The 
equation was derived without using the data of the ascitic fluids, but it 
should be noted that the latter are in fairly good agreement with the value 
predicted by the regression equation for serum with no protein 

Chart 2 shows a similar inverse relationship between chlonde and 
base-protein when the concentrations are expressed per kilogram of serum 
water The line of regression is (Cl), = 122 8 — 046 (BP) ± 2 08 
where (Cl), is chlonde in m eq per kilogram of serum water, (BP) is the 
base combining power of the serum proteins in meq per kilogram of 
serum water and ± 2 08 is the probable error The probable error of the 
slope (or regression coefficient) is ± 0 08 The equation predicts a con- 
centration of chlonde for a serum with no protein that agrees somewhat 
better with those of the asatic fluids than the previous equation 

It will be noticed that the high chloride values occur chiefly in the 
serums which may be affected by the adrmnistration of salt solution In 
the plasmapheresis expenments, this necessarily occurred, since it is 
difficult to maintain a low level of serum protein without continuous 
bleeding and the accompanying injection of physiological salt solution 
However, the chlondes of the serum taken about eighteen hours after the 

1 For the statistical formulas used in the paper, the reader is referred to 
Dunn (Ph)siol Rev , 1929, ix, 336) The regression equation is 

V-y= rrv — (X -X) 

Cx 

The probable error of the regression coeffiaent is ± 0 6745 

This giv es the i anations in the slope of the line that may be due to sam pling 
The probable error of the Y calculated from AT is ± 0 6745(r„Vl — ru* This 
gi\es the ^ anations in the predicted values that may b e due to sampling 
The probable error of the difference is V(P E )i- + (P E )-* 
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administration of salt solution vary inversely with the proteins The 
elope of the line representing this relationship would be somewhat less 
than the one drawn on the chart It should be pomted out that if there is 
increase m chlonde brought about only by the effect of the injection of 
salt solution, there is no evidence of a sunilar retention of sodium re 
fleeted m the values of the total base Furthermore it can be demon- 
strated that the increase in chlonde is not accompanied by a compensat- 
mg decrease m bicarbonate although there is evidence of the well recog- 
nized inverse relationship between chlonde and bicarbonate 

Collateral evidence that there is an mdirect relationship between 
chlonde and protein is furnished by the control experiments presented 
m Table II These experiments were designed to obtain blood from dogs 
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subjected to substantially the same procedures as the other ammals, 
exceptmg plasmapheresis Dividmg the serums from these dogs into one 
group taken over forty hours after admmistration of salt solution and 
another group taken about eighteen hours after admimstration of salt 
solution, one may obtam an idea of the magmtude of the error mtroduced 
m the plasmapheresis experiments by the mjection of sodium chlonde 
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The a\ erage \ alues of the tM ’'0 groups indicate that injection of physiolog- 
ical saline was accompanied by a decrease of protein of 0 13 d: 14 per 
cent, a decrease of bicarbonate of 1 18 dz 38 m eq per liter and a de- 
crease of total base of 1 16 d: 74 m eq per liter, while there v,^ an in- 
crease of chlonde of 1 13 d: 81m eq per liter The changes are repre- 
sented together wnth the probable errors of the differences The decrease 
in bicarbonate is over three times the probable error, but changes in 
chlonde, protein and total base are of about the same magnitude as the 
probable errors WTiile the number of determinations is small, the results 
indicate that it is not likely that a larger number of determinations would 
show an increase in chlonde greater than 2 5 m eq per liter Since the 
protein contents of the two groups are so nearly identical, converting the 
concentrations per liter to concentrations per kilogram of serum water 
does not significantly alter the results The equation for chlonde per 
liter indicates that a serum with three per cent protein has 5 6 m eq more 
chlonde than a serum with six per cent protein Hence although the 
slope of the line in Chart 1 might be less if some of the values were not 
affected by injection of salt solution, it is extremely probable that the 
line represents chiefly the relationship of the chlonde to the protein The 
equation for the chlonde per kilogram of serum water indicates that the 
chlonde of a serum wnth 7 m eq of base-protein is 3 7 m eq higher than 
that of one with 15 m eq base-protem This is a little more than three 
times the probable difference which the control expenments mdicate 
might be produced by the injections of salt solution It indicates that 
further expenments would probably substantiate an inverse relationship 
betw'een chlonde and base-protein per kilogram of serum water How- 
ever, the authors prefer to regard this result as only suggestive 

The theoretical significance of the results is not clear Presumably 
the chlonde increases in serum with low protein in such a manner as to 
keep the total anion concentration constant The increase m chlonde 
with decrease in protein can be largely accounted for by the increase of 
serum water accompanying a decrease in protein The results suggest 
that there is a small increase in chlonde to compensate for the decrease in 
the base bound to protein 

It IS w ell recognized that, m subjects with edema accompainied by low 
serum protein concentration, the serum chlonde concentration is usually 
normal or high This has been emphasized lately by Peters, Wakeman, 
Eisenman and Lee (11), Peters, Wakeman and Eisenman (12), Blackfan 
and Hamilton (13) and others However, their data show quite irregular 
^■a^atlons at any given protein concentration and do not permit one to 
express the concentration of chlonde in terms of concentration of protein 
Such a relationship presumably exists in man, but other factors affect 
the chlonde in cases of nephntis and nephrosis so that the relationship 
IS not clear cut in data from such patients In cases of nephrosis and 



D C DARROW, E B HOPPER, AND M K. CARY 


709 


hydropigenous nephnbs, the concentration of total base and, to a lesser 
degree, that of the bicarbonate are low Such a change was not demon- 
strated in the plasmapheresis expenments 

JI A companson of the concentratiom of electrolytes of ascitu: flutd vnth 
those of artenal and verwtis serum 

There is little ground for assuming that a particular sample of blood 
18 in equilibnum with asabc flmd To assume such an eqmlibnum, even 
approximately, the blood sample should represent the blood m the 
capillanes supplying the pentoneum However, if peritoneal fluid is 
present in large quantibes, its composition must represent an eqmhbnum 
with the average venous plasma returning from this area during the 
precedmg few hours An average artenal sample of plasma probably 
represents quite accurately the plasma supplying the pentoneum, but 
the venous samples that can be obtained differ from the venous plasma 
which is theoretically reqmred by an amount which cannot be determmed 
Nevertheless, smce it is desirable to know how truly plasma represents 
the immediate environment of cells, it is mteresting to see what relation- 
ship holds between asatic fluid and artenal and venous plasma. 

The data on the asatic fluids and artenal and venous plasma in the 
first four expenments are fairly smtable for this puipose In Experiment 
II, the failure to get blood mto the vein after withdrawal of a rather large 
quantity of blood was followed by symptoms of shock and aadosis 
The samples were obtamed only six hours after the admmistration of salt 
Bolubon which accompamed the transfusion of cells and probably the 
asatic flmd had not had bme enough to come into complete eqmhbnum 
Furthermore, the high concentrabon of chlonde mdicates that the 
dog had not been able to bnng the composibon of his blood back to nor- 
mal Though the dog appeared to be recovenng, he was lolled because 
he seemed so uncomfortable The data of this expenment are included 
because they are similar to the rest in most respects Contaminabon 
with blood and exposure to air rendered the asabc flmd m Expenment 
V unsuitable 

Table III gives the distnbubon rabos for total base, bicarbonate, 
chlonde, and bicarbonate plus chlonde All concentrabons were ex- 
pressed in m eq per kilogram of wrater in calculabng the rabos Smce 
protein is largely indiffusible through capillary membranes, the concen- 
trabon of protem in the asabc fluid and blood plasma is the chief factor 
which should alter the distnbubon rabos of the freely diffusible ions 
However, it is known that the distnbubon of calaum is altered by the 
fact that calaum appears to be bound to protan m an undissoaated 
compound Moreover, Loeb, Atchley and Palmer (14), Hasbngs et al 
(15) and Greene et al (16) found that the concenbabon of serum potas- 
sium IS considerably higher than that of asabc flmd One does not know 

46 
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the effect of protein on the activity of the vanous ions, though Greene et al 
ha\e calculated the ionized base by assuming that the chlonde ratios 
are true Donnan ratios Unbl these factors are known, a theoretical 
ratio based on the concentration of protem and the assumption that the 


TABLE m 

DtsirihiUton ratios of serum and asciitc fluid (m eq per kilo HiO) 


Experi- 

ment 

number 

1 Sample * 

D 


n n 
o o 

ir S’" 

IBjl 

(HCO.-), + (CI'), 
(HCOi-)/ -b (Cl-)/ 

I 

AB 

0 979 

0 97 

0 94 

rS 

0 97 

I 

VB 

0 975 

0 94 

100 

m 

0 97 

11 

AB 

0 988 

0 91 

0 94 

0 99 

0 98 

II 

VB 

0 988 

0 91 

0 99 

0 99 

0 99 

III 

AB 

0 978 

102 

0 89 

0 98 

0 96 

III 

VB 

1 

0 976 

0 99 

0 93 

0 96 

0 96 

IV 

AB 

0 979 

0 97 

0 92 

0 97 

0 95 

IV 

1 

VB 

0 977 

0 95 

102 

0 92 

0 93 


* AB = Arterial blood 
VB = Venous blood 

(B-ty - 2(Ca++)/ 

'' “ (B+y - 2 (Ca++y + 1/2(BP). 

(BP).= Base combining equivalent of serum protein 

conditions for a true Donnan eqmlibrium exist can have only an empincal 
value However, the desirability of expressing the relationship existing 
between plasma and interstitial fluid m terms of serum protem and total 
base justifies the use of such an empincal ratio until a better expression 
for this relationship is found 

In the tables, the ratio, r, was calculated for companson with the ratios 
found It IS based on the assumptions made by Van Slyke (17) in calculating 
similar raPos and the formula used is as follows 

(By - (Ca)/ 

'■ (By -(Cay + 05 (BP),’ 

in -nhich (B)/ is the total base of asabc fluid, (Ca)/ is calaum of asabc fluid 
and (BP), the base combining power of the serum proteins, all concentraPons 
being expressed in m eq per kilogram of water The calaum is subtracted 
to reduce the base to univalent terms AsaPe base was thought to represent 
a^erage condiPons better than venous serum base, since a large amount of 
asaPe fluid is probably less subject to sudden temporary de%aaPons from aver- 
age condiPons Howe\er, as pointed out preaously, the raPo, r, does not 
take into account the peculiar distnbuPon of calaum and potassium, the pres- 
ence of a probably insignificant amount of magnesium and probably other 
factors 
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The actual ratios agree approximately with each other and with the 
ratio, r The agreement is beat with respect to chlonde and chlonde 
plus bicarbonate, but is only fair with respect to bicarbonate and base. 
It IS of mterest that, m Experiment II, wherfe the blood was taken 6 hours 
after mjecbon of salt solution and apparently before the blood plasma 
had had time to come mto equilibnum with the asatic fluid, the chlonde 
and bicarbonate ratios show about the same relation to r as m the other 
expenments, while the base is still apparently too high in the plasma 
This would indicate that the concentratioiis of bicarbonate and chlonde 
can be adjusted more rapidly than base 

The expenments give about as good agreement in the ratios as those 
in the kterature (14, IS, 16, 18, 19) However, the ratios can not be used 
to predict the composition of asatic, and presumably mterstitial fluid in 
general, except as a first approximation The wide deviation of the ven 
ous base ratio m Experiment I, of the artenal and venous bicarbonate 
rabos in Experiment III, and of the venous chlonde rabos in Experiment 
rV mdicate that diSiculty m obtammg average blood samples is one of 
the sources of error It should also be pointed out that all the rabos 
are quite near unity and, therefore, have considerably less value than 
they would have If lower However, means have not been found to 
obtain mtersbbal fluid differing greatly m protem concentiabon from 
plasma 

III The effect of serum protetn concenlralum on serum calcium concentration 

Chart 3 shows the relabonship between serum protein and serum cal- 
aum Assuming that asabc fluid has the composibon that plasma would 
have if free of protem, the detemunabons on asabc flmd are mcluded 
with those on serum Chart 3 shows that calaum vanes directly with 
the protem The correlabon coeffiaent of the calaum and protein is 0 93 
± 0 03 The regression equabon is as follows (Ca) ■= 0 94 P + 7 4S ± 
0 44, m which (Ca) is the calaum concentrabon m mgm, per 100 ml , P 
IS the protan per cent and ± 0 44 is the probable error The probable 
error of the regression coeffiaent is ± 0 06 When the protan concen- 
trabon IS zero, this would mdicate a calaum concenbabon of 7 45 mgm 
per 100 ml which agrees well with the average value (7 5) of the asabc 
fluids 

The direct relabonship of calaum and protem concentrabon has 
been pomted out by Salvesen and Linder (20), Marrack and Thacker 
(21) and Peters and Eiserson (22) It is realized that calaum concentra- 
bon IS affected by the concentrabon of phosphate, the acbvity of the 
parathyroid glands, the amount of acbvated ergosterol in the body and 
probably other factors The variabons in phosphate in our expenments 
are too small to account for the differences m cffiaum The data are so 
clear cut that they leave httle doubt as to the duect relabonship between 
calaum and protan concentrabon 
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Recently Steams and Kiiowlton (23) analyzed the relationship be- 
tween semm protein, calcium and phosphate in 76 infants and children 
They concluded that there w^as no relationship between serum protein 
and calaum in non-nephntic cases However, their data are made up 
of (1) a group of cord bloods, (2) a group of bloods from infants fed cod 
liver oil and who were under a year old, and (3) a group of children over 
a year old For analysis these groups are of different value The data 
show no significant correlation between the calaum and protein in the 
newborn cord blood or that from the children over one year old Cord 
blood IS not altogether satisfactory for chemical studies and probably 



PROTEIN PER CENT 
Chart 3 

should be used with caution In the group of forty-five children’s serums, 
only one showed a very low protein concentration and this one had a 
normal calaum concentration All that can be concluded from this 
group of cases is that vanations in the calcium do not correlate with 
variations m the protein when there is only a small change in the protan 
concentration How ever, the serums of the babies are qmte satisfactory 
since they represent a uniform group from sixteen patients who had re- 
ca^ ed cod h\ er oil and manifested a fairly wide distribution of protein 
The correlation coeffiaent of the serum calaum and protein is 0 64 ± 11 
The regression equation for this group is Ca = 0 41 P -f- 8 87 ± 0 25 
The probable error of the slope (or regression coeffiaent) is ± 0 22 The 
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equation of Peters and Eiserson (22) obtained from a mixed group with 
many cases of nephntis is Ca = 0 556 P + 6 Since the regression 
coefficient of the equation for the babies is 0 41 ± 0 22, the slope of this 
hne cannot be considered to differ significantly from that of the Ime found 
by Peters and Eiserson However, the constant m the latter equation 
differs sigmficantly from that for the babies The higher value for the 
constant m the infants presumably represents chiefly the effect of acti- 
vated ergosterol m growing infants Further data will probably show 
that the equation of Peters and Eiserson can be used to measure the effect 
of factors other than protem which modify the calaum concentration 
Peters and Eiserson's equation for phosphate probably does not apply to 
patients fed large amounts of activated ergosterol The general form 
of the equation would be Ca = 0 556 P + K It will probably be helpful 
to see how far the K necessary to fit any given data can be used as a 
measure of the effect of the factors besides protem concentration which 
affect the level of serum calaum 

SUMMARY 

1 Electrolyte studies are reported on the serum and asatic fluids 
of dogs rendered edematous by lowenng the plasma protein concentration 
by plasmapheresis 

2 The concentrations of total base and bicarbonate show no relation 
to protem concentrations under the conditions of the expenments The 
total base values are quite widely scattered (145 to 168 m eq per hter or 
ISO to 175 m eq per kilogram of serum water) The bicarbonate con- 
centrations are also quite variable (19 to 28 m eq per hter or 20 to 29 
m eq per kilogram of serum water) The control expenments demon- 
strated that the m;ection of salt solubon reduced the bicarbonate and 
rendered these values m the plasmapheresis expenments unreliable as a 
reflection of change in protein concentration While it was not demon- 
strated that the injection of salt solubon was likely to alter the base 
concentrabon, the wide scattenng of the base concentrabons was probably 
brought about by a combmabon of factors inherent m the plasmapheresis 
expenments 

3 The concentrabon of chlonde per hter vanes inversely with that of 
protem accordmg to the followmg regression equabon (Cl), ■= 120 64 
— 1 87 P ± 2 06 in which (Cl), is the chlonde in m eq per hter, P the 
protem per cent and rb 2 08, the probable error 

4 The data show that chlonde m eq per kilogram of serum water 
vanes mversely with that of base protein according to the followmg 
regression equabon (Cl), = 122 8 - 0 46 (BP), ± 2 08 in which (Cl), is 
chloride m eq per kilogram of serum water, (BP), is the base combimng 
power of serum protein m m eq per kilogram of serum water and ifc 2 08 
the probable error 
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5 The control expenments indicate that the experimental procedures 
were not the chief cause of the appearance of the relation expressed in 
the chlonde equation which gives concentrations per liter of serum except 
inasmuch as they vaned the protein concentration However, the change 
in chlonde per kilogram of serum water lies within the increase in chlonde 
which might be produced by injectiong salt solution The latter equa- 
tion, though likely to be substantiated, cannot be accepted as expressing 
a relationship between chlonde and protein at present The slope of the 
line in the first equation would probably be a little less if denved from 
expenments not affected by the injection of salt solution but the change 
IS not likely to alter the equation greatly 

6 The ratios 

(C1-), (HCO,-). (B+)/ - (Ca)/ 

(Cl-)/ (HCO,-)/ (B+). - (Ca). 

agree approximately with each other However, there is sufficient 
diversity in the ratios to demonstrate that a given speamen of serum is 
not likely to predict the composition of asatic flmd very accurately 

7 The calcium and protein concentrations vary directly with each 
other according to the following regression equation (Ca) = 0 94 P 
-f- 7 45 ± 0 44 in which (Ca) is serum calcium in mgm per 100 ml , P 
the protein per cent and db 0 44 the probable error 
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It has been demonstrated in normal human subjects by several 
methods that dunng venous congestion flmd is filtered from the blood 
mto the tissue spaces This passage of fluid through the capillary wall 
has been identified by comparing blood samples removed durmg normal 
arculation and dunng venous congestion (Schultz and Wagner (1909) , 
Rowe (1915) , Dautrebande, Davies and Mealans (1923) , Peters, Eisen- 
man and Bulger (1925)) It has been observed also that when the venous 
pressure in the legs is mcreased by qmet standmg, fluid is filtered from the 
blood stream with a consequent reduebon m arculatmg blood volume 
(Thompson, Thompson and Dailey (1928), Waterfield (1931)) The 
filtrabon produced by measured grades of venous congesbon has been 
measured also by plethysraographic methods m which the accumulabon 
of flmd m the tissue spaces was esbmated by measunng the mcrease in 
limb volume (Drury and Jones (1927) , Krogh, Landis and Turner (1932)) 
The capillary wall has usually been regarded as relabvely impermeable 
to protems (Krogh (1929) , Thompson, Thompson and Dailey (1928) , 
Krogh, Landis and Turner (1932)) Waterfield (1931) however, differed 
from Thompson, Thompson and Dailey in finding that dunng standing 
the blood lost not only flmd but also a significant amount of protein 
Dnnker and his co-workers (1931) have called attenbon to the high con- 
centrabon of protein often found m lymph Mamtaimng that tissue 
flmd and lymph are idenfacal, they regard the capillary wall as everywhere 
quite permeable to protem even imder normal condibons 

A retrograde movement of protem from the bsaue spaces through 
the capillary wall mto the blood dunng venous stasis has been desenbed 
by Plass and Rourke (1927) They foimd that dunng venous congesbon 
the blood proteins were always increased by a greater percentage than 
was cell volume. This was believed to mdicate that dunng venous con- 
gesbon protems must pass from the tissue spaces into the blood stream 
It will be shown below that the direct comparison of percentage increase 
in cell volume with the percentage increase m plasma proteins is unjusb- 
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fied Actually their figures show loss of both fluid and protein from the 
blood stream 

The amount of tissue fluid accumulating in the arm dunng mild 
\enous congestion (Krogh, Landis and Turner (1932)) seemed great 
enough to produce measurable changes in the fluid content of the blood 
Assuming that the flmd is lost chiefly from the plasma, the amount of 
capillary filtrate per 100 cc of blood can be calculated from the cell vol- 
ume of normal blood and the apparent increase in the cell volume of the 
blood after passage through the congested vessels 

If the capillary wall were totally impermeable to colloids the protein 
content of the blood would be increased in proportion to the reduction 
in plasma volume However, m computations involving changes in 
cell volume and plasma protems, allowance must be made for the fact 
that the cell volume is measured in volumes per cent of blood (i e plasma 
plus cells) while blood protems are measured in terms of percentage of 
plasma Knowing the change in cell volume produced by stasis and the 
protein percentage of normal blood, it is possible to calculate the increase 
in plasma protein to be expected if no protein were lost in the capillary 
filtrate The difference between the calculated amount of protein and 
the amount determined by analysis indicates the amount of protein 
lost in the capillary filtrate 

From a recalculation of the data reported by Plass and Rourke (1927), 
and from our own findings, it appears that high grades of venous conges- 
tion caused the filtration of relatively large amounts of fluid containing 
a high percentage of the three protem fractions present m blood plasma 
Very low congestion pressures were accompanied by the filtration of small 
amounts of fluid without detectable loss of protem, but the volume 
changes were probably too small to permit any certain conclusion con- 
cerning protein Finally, in two patients edema flmd largely produced 
by, and collected during, venous stasis contained 0 39 and 0 09 per cent 
protein 

METHODS 

The blood studies were made in normal male subjects or in male patients 
hospitalized for minor maladies unrelated to the arculatory system Their 
blood pressures were not in any instance sigmficantly abnormal, their ages 
ranged from 24 to 40 years 

In order to avoid postural changes m fluid balance the subjects reclined 
30 minutes before the venous congestion was started The forearms were sup- 
ported on sandbags at the side of the body, so that the upper (flexor) surfaces 
w ere le\ el wath the cla\acles The skin temperature of each forearm was meas- 
ured at fi\e-minute intervals by means of thermal junctions held, by a single 
laj er of surgeon’s plaster, in contact with the skin on the flexor surface of the 
forearm midwaj between wnst and elbow Venous pressure was elevated by 
means of Ri\a Roca armlets, 12 cm wide and 50 cm long, wrapped around 
the arm well abo\ e the elbow 

At the end of the thirty minute rest penod the armlets were inflated simul- 
taneously and suddenly from resen oirs connected with manometers On the 
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control mde the armlet pressure -was 9 mm Hg, a pressure which, though 
enough to distend the veins shghtly, did not produce measurable filtration in 
plethysmographic observations (Krogh, Landis and T urner (1932)) The prea 
sure in the other armlet was raised to 20, 40, 60, or 80 mm Hg in the expen- 
mental observations and to 9 mm Hg in three control observationB The sub 
jecta were cautioned against moving the arm or {orearm dunng the congestion 
penod 

When venous pressure had been elevated for a penod of 30 minutes sam 
pies of venous blood were removed simultaneously from each arm, approxi- 
mately 30 cc. of blood being collected m a synnge contmmng 20 mgm of dry 
hepann The armlets were deflated only ^ter the blood samples were re- 
moved The blood was agitated in the synnges for fifteen minutes tp dissolve 
the hepann and to mix It thoroughly with the blood The samples were then 
transferred to test tubes in which the gentle agitation was continued while 
small amounts were removed for determinations of cell volume, hemoglobin 
and erythrocyte counts. 

Hematocnt determinations were earned out immediately, usually in tnph 
cate, using tubes having an inside diameter of 2 mm and a length of 12 cm 
A certain number of determinations were also made with Wintrobe hematocnt 
tubes. The filled tubes were rotated for 30 minutes at a speed of 3000 r p m 

PKOTOCOL 1 


Vmms antgesttm ej 80 mm Hf 
Subject L December 8, 1931 Kcon lemperaiure Z4.Z° C 


Time 

Ana tenpmtore 

Afr (em> 

Nc*« 

Kliht 

Left 

perttore 

P *. 

6*40 

C 

C. 

1 

1 C, 

\ 

Subject reclined thermal jonctiDns applied and 
armleta placed in portion 

nn 

337 

33 4 

1 241 

Venous congcation begun 

■m 

33 9 

33 4 

I 243 

80 mim Hg on left arm 

■El 

339 

, 33 1 

1 24 2 

9 mm Hg on ngbt arm 

7.25 

33 9 

32 7 

24 2 

730 

338 

32 6 

243 


735 

7 40 

33 7 

32J 1 

1 

24J 

Thermal junctjcmB removed 

Blood BEunple of 30 cc, removed from each arm Into 
synnge wratammg 20 mgm of hepann 


Bleed studtec 


Coosettion 

presvnre 

Krythrocytei 

Cell 

rolome 

Total 1 
pctrtelii 

Global tn 

Albtimbi 

Non protein 
ohrecen 

•m Hg 

1 



row 1 

grams 

from 

pnnu 

ptr t, wtm 

Ptrcenl 

lliocc. 

iS'tc. 

iSo'u 

t^a. 

9 

5396 000* 

S3 It 

638 

2 43 

415 

035 

Observed 80 

6 334 000* 

603t 

1 

1 731 

3 02 

4 79 

034 

Calculated 80 


8 71 

332 

5 49 



• Average of 8 counts 
t Average of 3 tubes 
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I n certain obscr\ ations 3 to 5 er> throci te counts ere made on each sample by 
each of two observers, the results being averaged to determine the percentage 
increase in erv throc> tes produced by stasis Hemoglobin determinations w ere 
made according to the method of Drejer, Bazett and Pearce (1920) Of the 
blood 0 1 cc was diluted wuth 19 9 cc of 0 9 per cent sodium chlonde solution 
This suspension of cells was hemolyzed with saponin and the depth of color 
in the two speamens was compared by colonmeter, using diffuse daylight 
The blood from the control side was taken as 100 per cent and only the relatu e 
increase was determined Plasma proteins w'ere estimated according to the 
method of Howe (1921) When the changes in total protein were conspicu- 
ously large, the plasma proteins were separated into globulin and albumin frac- 
tions, the former containing also fibrinogen 

Protocols 1 and 2 show the details of c'^periments at congestion pressures 
of 80 mm Hg and 40 mm Hg respectively 


FRorocoL 2 


Venous congestion of 40 ntm Hg 
Subject R December 29, 1931 Room temperature 24 5° C 


Time j 

1 

Arm temperature 

Air tem- 

Notes 

Right 

Left 

pemture 

1 

p m 

639 

•C 

•C 

•c 

Subject reclined, thermal junctions applied and 
armlets placed in position 

7-09 

344 

33 7 

24 8 

Venous congestion begun 

7 14 

34 4 

33 0 

24 8 

40 mm Hg on left arm 

7 19 

34 3 

33 0 

24 2 

9 mm Hg on nght arm 

7 24 

34 3 

32 9 

24 3 


7 29 

34 2 

32 9 

24 3 


7 34 

7 39 

34 1 

32 7 

24 3 

1 

Thermal junctions removed 

Blood sample of 30 cc removed from each arm into 
synnge containing 20 mgm of hejiann 


Blood studies 


Congestion 

pressure 

Hemoglobin 

Cell volume 

Total protein 

Nonprotein 

nitrogen 

mm Ug 

per cent initial 

per cent ! 

grams per 100 cc 

grams per too cc. 

9 

100 0 

38 8* 

6 17 

028 

Observ ed, 40 

106 3 

410* 

6 80 

026 

Calculated, 40 



6 79 



* Average of two tubes 


METHODS OF CALCULATION 

To calculate the loss of fluid per 100 cc. of blood from hematocnt deter- 
minations requires the assumption that the fluid is lost entirely from the plasma, 
and that in the concentration of the blood the absolute size of the cellular 
elements has not changed sigmficantlj Dautrebande, Davies and Meakins 
(1923) describe a single observation in which stasis increased the hematocnt 
reading bv a smaller percentage than the oxygen capaaty and the hemoglobin 
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content They calculated that 20 per cent of the fluid lost by the blood must 
have been removed from the erythrocytes and 80 per cent from the plasma 
Peters, Eiaenman and Bulger (1925), on the contrary, report two observations 
in which the apphcation of a tourniquet to the arm for five minutes increased 
the oxygen capaaty by 20 6 and 23 3 per cent while the cell volume was in 
creased by 19 9 and 25 5 per cent respectively They conclude that the fluid 
lost from the blood during stasis is removed almost entirely from the plasma 
A similar finding is reported by Peters (1924) 

Van Slyke, Wu and McLean (1923) observed that as blood changes from 
the arterial to the venous state there Is a shght but definite increase in cell 
volume In venous congestion the increase in COj tension of the blood tends 
to increase the cell volume which must, of course, affect the hematocnt read 
mgs The effect is to some extent counteracted by the increased oxygen un 
saturation This change, though present, is small, amounting to only 0 6 vol 
umes per cent for a change of 30 mm in COj tension even when oxygen satu 
rabon is unchanged (Eieenman Bulger and Peters (1926)) It did not seem 
necessary nor advisable to collect the blood under oil since the loss of COi 
would only dimimsh any change of cell volume that had resulted from the 
accumulation of COi which occurred during stasis 

During venous congestion the concentration of the plasma protein increases 
If the wall of the erythrocytes were impermeable to protein alone this change 
might be expected to diraimsh cell volume. Van Slyke, Wu and McLean, 
however, on the assumption that the membrane of the erythrocyte is imper- 
meable to proteins and to the inorganic cations, regarded the osmotic effects of 
the plasma proteins as a negligible factor m the movement of water between 
the erythrocytes and plasma because the effective osmotic pressure of the 
plasma can be modified very little by change in the plasma protein percentage 
Sudden variations in the number of red cells per unit volume of blood have 
been descnbed by Lamson, Abt, Oosthuisen and Rosenthal (1923) Since the 
arterial blood entering both arms must have the same composition, systemic 
variations in red cell number would be present in both arms equally To 
avoid the effects of these changes blood samples were removed from the contro 
and the experimental arms simultaneously and at approximately the same ratel 
In this way each experiment included its own control The possible effects of 
systemic variations in red cell number on the companson of unconcentrated 
and concentrated blood were thereby avoided 

In all the observations here reported the hematocnt readings were matched 
with either red cell counts or with hemoglobin determinations to identify any 
Bigmficant error which might anse from changes in absolute cell volume No 
consistent differences were found (Table 1) between the two senes of figures 
Under the conditions of these observations, therefore, it seemed justifiable to 
calculate water loss from the changes in hematocnt readings, assuming that 
there was no change in the water content of the erythrocytes Thus, if 100 
cc. of unconcentrated blood from the control arm is compared with concen- 
trated blood removed simultaneously from the other arm certain relations will 
hold If the percentile cell volume of the normal blood is C\ and that of the 
concentrated blood Ci while the loss of water or volume from 100 cc of vmtially 
unconcentrated blood is i, then 

I* 100- 100-^ 

If the capillary wall has allowed no plasma protein to pass dunng the process 
of concentration of the blood, the absolute amount of plasma protein will be 
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the same, but the percentage tnll be increased in proportion to the concentra- 
tion of the plasma fraction of the blood If the protein percentage of the 
normal plasma is Pn and that of the concentrated plasma Pri, while Ph and 
PI: represent the plasma \ olume of normal and concentrated blood respectn cl> 
per 100 cc of initially unconcentrated blood, then, if no gain or loss of water 
b> the cells is postulated, P/j = Ph — x, and 

Pli — X 


By companng the calculated protein percentage, Pr-, wnth that actually ob- 
served, Pr-', the loss of protein may be detected The actual amoi^t of pro- 
tein lost by the plasma from an initial volume of 100 cc of blood, APr, can be 
estimated from the obserw'ed protein percentages 


APr X ^ 


X 


Ph - X 
100 


Knowing the amount of fluid (v) which left the plasma and the simultaneous 
loss of protein (APr) the percentage of protein in the capillary filtrate can be 
estimated 


OBSERVATIONS 

The results are collected in Table 1 Room temperature wras kept 
betw'een 22 6 and 25 9“ C to avoid marked cooling of the exposed arms 
dunng the observation The average arm temperature vaned between 
35 1 and 31 6° Skin temperature fell gradually when higher grades of 
venous congestion w^re used, this fall was never more than 1 2° C and 
WNis usually less than 1 0° C 

(^) The loss of fluid from the blood dunng venous congestion 

With a venous pressure of 80 mm Hg the relative cell volume was 
increased by 13 4 to 24 2 per cent while the hemoglobin and red cells were 
increased by 13 1 to 22 9 per cent These changes indicate a loss of fluid 
amounting to between 119 and 19 5 cc from 100 cc of whole blood 
W’lth a venous pressure of 60 mm Hg relative cell volume was in- 
creased by 7 8 to 9 7 per cent while red cells and hemoglobm were in- 
creased by 7 3 to 10 8 per cent, indicating that the flmd lost amounted 
to between 7 2 and 8 9 cc from 100 cc of whole blood 

\Wth a venous pressure of 40 mm Hg the changes were still smaller 
and, due probably to the relatively greater error, more vanable Rela- 
ti\ e cell volume mcreased by 1 9 to 5 7 per cent while the hemoglobin 
increased by 0 9 to 6 3 per cent, indicating that the flmd loss amounted 
to between 1 9 and 5 6 cc from 100 cc of whole blood 

With a \ enous pressure of 20 mm Hg there was a measurable change 
in two of three expenments Relative cell volume increased by 1 0 to 
2 6 per cent and the hemoglobin by 0 7 and 1 6 per cent The loss of 
fluid amounted to between 0 and 2 3 cc from 100 cc of whole blood 
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In three observations m which venous pressure was 9 mm Hg in 
both arms there was no change m the relative cell volume m two espen- 
ments, and a small but ummportant change m the third 

Plass and Rourke (1927) have reported a senes of observationa m 
which hematocnt readings were made on blood drawn with and without 
venous congestion Those expenments m which measured grades of 
venous congestion were used have been collected m Table 2 to show fluid 
loss for comparison with our own data. Venous congestion of 100 mm 
Hg for 15 to 22 mmutes was accompanied by a loss of between 18 9 and 
29 3 cc per 100 cc of blood At 90 mm. Hg the loss was distinctly less, 
amounting to between 12 5 and IS 4 cc. per 100 cc. of blood One 
observation at a venous pressure of 80 mm Hg showed a loss of 7 9 cc. 
after 26 minutes The two senes of observations indicate that the loss 
of fluid mcreases as the venous pressure rises 

The relationship between fluid loss and venous pressure is shown 
in Figure 1 It is apparent that the loss of flmd is not directly propor- 



FiG 1 Chart Showing RELATioNsmp Bbtwbhn Venous Congestion and 
Loss OF Fluid frou the Blood 

tional to the level of venous pressure The reason for this is discussed 
below 
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* Apparent gain instead of loss 

t Equal amounts of sodium citrate used as anti coagulant. 
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(B) The passage of protein through the capillary wall during venous 

congestion 

The observations on the influence of venous congesbon on the plasma 
protein percentage are shown in Table 1 The total protein content of 
the blood removed from the control arms (venous pressure 9 mm Hg) 
\aned betw^een 5 61 and 7 13 per cent In the same column below each 
normal figure is shown the protein content of the blood removed simul- 
taneously from the other arm in which venous pressure wns elevated to 
80, 60, 40, 20, or 9 mm Hg For purposes of companson in the next 
column are given figures which represent the concentration of protein 
which, if the capillary walls were impermeable to protein, should have 
been produced by the fluid loss observed 

In one of the five experiments at 80 mm Hg pressure the observed 
and calculated protein concentrations agreed, indicating that little 
or no protein had been lost In the remaining four experiments the 
calculated protein content was greater than the observed protein content 
by 0 38 to 1 18 per cent indicating a significant loss through the capillary 
wall 

Knowing the amount of plasma, the apparent loss of protein from 100 
cc of blood was computed according to the method desenbed above 
Dividing the protein loss (grams) by the amount of filtrate formed simul- 
taneously provided a rough estimate of the protein percentage of the 
capillary filtrate With a venous pressure of 80 mm Hg the filtrate 
appeared to contain between 0 1 and 2 8 per cent protein, indicating that 
under those conditions the capillary wall is far from impermeable to 
protein 

A venous pressure of 60 mm Hg produced a significant loss of protein 
m one experiment (number 6) , the discrepancy between the observed and 
calculated protein percentage amounted to 0 14 per cent, corresponding 
to 0 7 per cent protem m the 8 9 cc of filtrate removed from 100 cc of 
blood In the remainmg three expenments at this pressure no really 
significant discrepancy existed between the observed and calculated 
values Had 8 0 cc of capillary filtrate containmg even 1 per cent of 
protein been filtered from blood with a plasma volume of 50 per cent, the 
discrepancy between observed and calculated protein should have been 
0 16 per cent This diflference, if actually present, should have been 
detected, since the control analyses of protem (Expenments 13, 14, and 
15) agreed within 0 02 to 0 06 per cent The capillary filtrate produced 
at a \enous pressure of 60 mm Hg contains, therefore, relatively little 
protem, averaging m four expenments 0 3 per cent 

The amount of flmd filtered from the blood by a venous pressure of 
40 mm Hg is small in compcinson with the combined errors of the 
hematoent and protem determinations WTiile no loss of protem was to 
be detected, this findmg is of no sigmficance since, had the filtrate con- 
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tamed 3 per cent protein, the changes m two experiments, (numbera 10 
and 12) at least, would have been barely outside the error of the method 
of protem determination The apparent gam of protem observed at 
40 mm Hg is probably to be explained on the basis of the relatively 
large errors involved On this account, protem analyses were not earned 
out m the three observationa m which venous pressure was only 20 
mm Hg 

The loss of protem at 80 mm Hg is contrary to the mterpretation of 
Plass and Rourke who concluded from similar expenments at 80, 90 and 
100 mm Hg that protem must pass into the blood from the asphyxiated 
tissue cells This conclusion was based on their findmg that the per- 
centage mcrease in plasma protem was uniformly greater than the per- 
centage decrease of plasma volume This direct comparison of percent- 
age changes is, however, not justified smee changes m cell volume and 
plasma volume are computed as volumes per cent of whole blood, whereas 
protem content is expressed m terms of grams per 100 cc of plasma 
The situation can be made clear by considermg the change m relative 
plasma volume and the change m plasma protem percentage which would 
occur if 10 cc of protem free filtrate were removed from 100 cc of blood 
with a plasma volume of 50 per cent- The relative plasma volume would 
be decreased from 50/100, or 50 per cent, to 40/90, or 44 4 per cent — a 
reduction amounting to 11 per cent of the ongmal figure The plasma 
proteins, however, would be concentrated m proportion to the change m 
absolute plasma volume Thus, 50 cc. of plasma would be concentrated 
to 40 cc, and, without addition of protem, the plasma proteins would 
be increased by 25 per cent Therefore, the observation that plasma 
volume decreases less than the protein content mcreases does not mdicate 
that protein has been added to the blood 

The data reported by Plass and Rourke have been collected m Table 
2 and recalculated It may be noted that m every mstance but one 
(Experiment 9) the calculated total protem percentage is sigmficantly 
greater than the observed value, mdicatmg loss of protem from the blood 
stream At a venous pressure of 100 mm Hg the filtrate contamed be- 
tween 2 5 and 3 1 per cent protem At a venous pressure of 90 mm Hg 
the filtrate m one mstance apparently contamed no protem, while m the 
other two instances the filtrate contamed 2 5 and 2,2 per cent of protein 
In one observation at 80 mm Hg the filtrate contamed 1 6 per cent of 
protem 

One may conclude therefore that at venous pressures of 80 mm Hg 
or more the capillary wall becomes relatively permeable to protem At 
a venous pressure of 60 mm Hg conspicuous loss of protem could not be 
detected The capillary filtrate appeared m four instances to contain 
0 7 per cent protein or less 
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(C) The relative ‘increase in globiihn and albumin percentages produced 
by high grades of venous congestion 

Since the globulin molecule is larger than the albumin molecule, 
\ enous congestion might be expected to increase the former fraction more 
than the latter Table 3 shots's a companson of the percentage increase in 
the albumin and globulin (plus fibnnogen) fractions found in those expen- 
ments in which protein percentage changes were large enough to make 
the figures significant In two mstances, globulin (plus fibnnogen) was 
increased by a slightly greater amount than albumin, while m the other 
two instances the increases were about equal 

Plass and Rourke (1927) as well as Rowe (1915) found little regulanty 
in the percentage increase of the \ anous protein fractions of the plasma 
In Table 2 the recalculated data of Plass and Rourke show in general 
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that fibnnogen, aJbuimn and giobulm have been lost m the capillary 
filtrate The calculated values for albumin exceed the observed values 
m every instance but one In the case of giobulm the calculated values 
exceed the observed m 4 of the 7 expenmenta In the remamder the 


TABLE 3 

Experimental data on protnn fradumatum 
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observed value exceeds the calculated giobulm percentage In the case 
of fibnnogen the calculated and observed values agree surpnsmgly well m 
four of the five expenmenta In one expenment the difference amounts 
to 09 per cent 

(D) The protein content of edema fluid accumulating in the tissue spaces 
during venous congestion 

In order to amplify the observations on composition of the capillary 
filtrate produced dunng mild venous stasis, flmd was removed from the 
lower extremities of two patients who were stiff ermg from edema In 
Case 1, venous pressure in one leg had been raised to 30 mm Hg for a 
penod of several days by an mtra abdominal metastatic neoplasm 
Case 2 was suffenng from nephrosis with generalized edema The 
edema fluids m both instances contamed relatively small amounts of 
protem 

Case 1, J N , male, aged 46, was admitted to the University Hospital on 
September 11, 1931, complaimng of weaLness, nausea and anorexia Exami 
nauon showed a normal blood pressure, a marked secondary anemia, achlor 
hydna, a large epigaatnc mass and occult blood in the stools The diagnosis 
of carcinoma of the stomach was verified by x ray and at laparotomy numer 
ous metaatases were found in the hver He was discharged but returned to 
the hospital m December, 1931, with profound anemia and a sUll larger epi 
gastric mass, Dunng the two penods spent in the hospital five transfusions, 
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c^cli of 500 cc of citratcd blood, ^crc given On December 21, following the 
li^^t tnn'^fu’^jon slight edema of both ankles appeared There was no evidence 
of cirdne or renal disease The plasma protein percentage was still normal, 
6 64 per cent, owing, no doubt, to the transfusions which had prevented the 
decrease u'^ual in the malnutrition of gastric neoplasm The osmotic pressure 
of the pla'^ma proteins was measured and found to be 34 0 cm water 

Seven da>s after the onset of the slight bilateral edema the fluid accumu- 
laUon in the left leg increased rapidlj, extending finally to the genitalia At 
this time the patient complained of pain in the left calf On examination the 
veins of the left leg were slightly but definitely engorged and the skin of the 
left foot was somewhat cjanotic in tint Venous pressure was measured in a 
vein over the patella of each leg by means of a celluloid capsule (Krogh, Turner 
and Landis (1932)) In the recumbent position the venous pressure in the 
conspicuously edematous left leg was 30 mm Hg, in the very slightly edematous 
nght leg, 10 mm Hg Both legs were exposed to the air (temperature 24 0® 
C ) and skin temperature was measured over the instep by means of a thermal 
junction The temperature of the left leg fell more rapidly than that of the 
nght and remained finally 2 4 degrees cooler, indicating diminished arculation 
on the left side 

A single Southey’s tube was inserted into the external aspect of the left leg 
above the ankle and approximately 40 cc of edema fluid were removed The 
fluid was clear, slightly yellowish in color and did not coagulate The first 
few cc of edema fluid contained 0 39 per cent of protein A second deter- 
mination, made on the fluid obtained about one hour later, showed the same 
protein percentage 

Case 2, E McD , male, aged 21, was admitted to the University Hospital 
for the first time in May, 1929, suffenng from a bloody diarrhea which had 
existed intermittently for ten years The diagnosis of chronic ulcerative colitis 
was made at this time He was treated in the hospital for six weeks with 
improv ement Following discharge he had alternating penods of improvement 
and regression, finally returning to the hospital November 10, 1931, complain- 
ing chieflj of "dropsy” and fatigue On examination the patient showed 
marked pitting edema of both legs, asates and nght pleural effusion The 
blood pressure was 140/80 and the unne contained on numerous occasions a 
cloud of albumin with many h> aline casts Doubly refractile lipoid bodies 
were present The serum proteins were 3 56 per cent and the albumin-globulin 
ratio was 0 86 Blood cholesterol was 333 mgm per 100 cc The diagnosis 
at this time w as chronic ulcerative colitis, lipoid nephrosis The edema proved 
resistant to the usual diuretic therapy w'hich was handicapped by the patient’s 
gastro-intestinal symptoms It was deaded to use Southey’s tubes 

Six hours pnor to their insertion the patient was seated in a chair with 
legs dependent In this position the hydrostatic pressure of the column of 
blood in the veins amounted to 40 mm Hg The edema of the legs, moderate 
in the recumbent position, increased rapidly, with the change in posture In 
the course of 30 hours, 6,500 cc of fluid were withdrawn The protein content 
of this fluid was 0 09 per cent while the plasma proteins examined simultane- 
ousl> were 3 27 per cent 


DISCUSSION 

It was the purpose of these studies to measure by another method 
the effect of graded venous congestion on the movement of fluid from 
the blood to the tissue spaces In contrast to the earlier findings of 
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Mende (1919), plethysmographic studies (Krogh, Landis and Turner 
(1932)) indicated that a relatively small rise m venous pressure was suffi- 
aent to cause small, but defimtely measurable, amounts of fluid to ac- 
cumulate m the tissues This conclusion has been venfied by the present 
studies, m that a venous pressure of 20 mm. Hg was accompanied in two 
instances by a slight but measurable loss of fluid from the blood stream 
The plethysmographic and the blood studies agree also m indicatmg 
an incr easin g rate of fluid filtration with increase m venous pressure 
A straight Ime relationship was observed between venous pressure and 
filtration rate when the latter was measured by plethysmograph dunng 
venous congestion of 11 to 39 mm Hg (15 to SO cm water) This 
relationship is not found when fluid loss from the blood is charted against 
the higher venous pressures used in the present studies Blood flow, 
however, will be decreased particularly with the higher grades of venous 
congestion Filtration at a given rate will concentrate the blood more 
when the rate of flow is simultaneously decreased This factor was not 
of great importance in the plethysmographic studies m which the fluid 
filtrabon itself was measured at relatively low pressures With venous 
pressures nearer diastolic arterial pressure the dumnubon of the blood 
flow is quite considerable (G N Stewart (1912-13)) and thismustincrease 
to some eirtent the loss of fluid from any given volume of blood More- 
over, with the highest venous congesbon (80 mm Hg) there appears to be 
a measurable loss of protem through the capillary wall which must also 
faahtate the loss of fluid from the blood 

In explammg the movement of fluid through the capillary wall mto 
the bssue spaces, the capillary endothelium has been regarded as rela- 
bvely impermeable to the plasma protems Dnnker and his co workers 
have called attenbon to the high protem content of lymph which may 
nse to 4 5 per cent (Dnnker and Field (1931)) Li^wen, Field and 
Dnnker (1931) conclude that the effecbve osmobc pressure for returning 
water to the blood capiUanes is the difference between the colloid osmobc 
pressure of the blood and the lymph from the area under observabon 
Yet during the venous obstrucbon produced by tying all the vems of an 
extremity of a dog (Field and Dnnker, 1931) the amount of lymph 
produced was mcreased while the protein content dummshed In 
plasmapheresis expenments also the more rapid flow of lymph was ac 
companied by a smaller protein content Attenbon has been called 
(Krogh, Landis and Turner (1932)) to the probability that the protein 
in lymph vanes widely depending, among other thmgs, on the rate of 
filtrabon and the relabve amount of absorpbon The slower the filtra- 
bon and the more complete the reabsorpbon, the more will the composibon 
of lymph differ from that of the capillary filtrate and hence from that of 
average tissue fluid The more rapid the filtrabon (as m venous conges- 
tion cuid m plasmapheresis) the more nearly will both average tissue flmd 
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-ind KTTiph resemble the fluid filtered through the capillary’^ ^\all The 
fact that the more rapid hmph production in \enous congestion avas 
accompanied b\ decrease in protein content indicates that the pre- 
aaou^K existing difTcrence between capillarj' filtrate and l>mph was 
being reduced It does not seem justifiable to state that the effective 
osmotic pressure for returning aaater to the blood capillanes is the differ- 
ence belwa^en the colloid osmotic pressure of the blood and the lymph from 
the area under obserx ation Actually, Ij mph represents tissue fluid after 
the absorption process has been earned to as complete a stage as condi- 
tions in the blood stream permit 

Field and Dnnker (1931) found that w'hen all the veins to a limb were 
ligated the protein content of lymph did not fall below 1 per cent The 
stasis produced by this procedure is of extreme grade, and is apparently 
accompanied by the passage of protein and red cells through the capillary 
wall 

\M)en the effects of graded degrees of venous congestion are studied 
in man a loss of protein through the capillar^’’ wall is easily detected wnth 
xenous pressures of 80, 90 and 100 mm Hg The suggestion of Plass 
and Rourke that protein under these conditions moved from the tissue 
cells, to Kunph and then into the blood stream has already been discussed 

At congestion pressures of 60 mm Hg the loss of protein was very 
much less and, except in one instance, too small to be detected in plasma 
protein analyses It is beliexed that the findings at 60 mm Hg are 
significant but it is obxnous that at 40 mm Hg the changes in blood 
xolume are too small to permit any conclusion concerning the protein 
content of the capillary filtrate 

The tissue fluid obtained from two cases of edema dunng venous 
stasis indicates that the protein in the capillary filtrate (0 39 and 0 09 per 
cent) max be x erj' much less than the protein content usually described 
for normal lx mph It is, therefore, not justifiable to assume that lymph 
represents the capillarj" filtrate nor exen ax^erage tissue flmd unless ab- 
sorption IS completel} ax'oided 

Nothing can be said concerning the mechanism by which the protein 
passes through the capillary wall at high congestion pressures The 
presence of red cells in Ixmph (Field and Dnnker) and petechiae fre- 
quendx noted in the skin (Plass and Rourke) suggest mechanical rupture 
of the capillarx wall The fact that lymph protein in general decreases 
dunng such congestion in spite of the presence of red cells does not rule 
out mechanical rupture, since the cells and plasma escaping through a few 
weak places in the wall may be diluted bx’ a relatixely protein free 
filtrate from the remainder of the capillary Anoxemia, w’hich has been 
observed to change capillary permeability (Landis, (1928)), may also be 
a factor at high x enous pressures 
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The findings indicate that the pcrmeabihty of the capillary wall 
with respect to protein vanes with the grade of venous congestion 
Caution must be used in cxtendmg conclusions based on observatioiis 
involving high grades of venous congestion to considerations of normal 
capillary penneabihty 

SUMMARY 

Blood samples removed from the arm vems dunng graded conges- 
tion were compared m order to measure the filtration of fluid resulting 
from the increased venous pressure. The loss of protem through the 
capillary wall was estimated at venous pressures of 80, 60 and 40 mm Hg 
Comparison of hemoglobin readmgs and red cell counts showed 
that durmg venous congestion the fluid is lost chiefly from the plasma 
The loss of fluid could be detected at venous pressures as low as 20 
mm Hg and amounted to between 0 0 and 2 3 cc per 100 cc. of blood 
The amount of fluid lost from the blood was conspicuously greater 
at higher venous pressures, venous congestion of 80 mm Hg filtered as 
much as 19 5 cc. per 100 cc of blood 

At a venous pressure of 80 mm Hg protein was lost from the blood 
plasma m an amount mdicatmg that the capillary filtrate contained an 
average of 1 S per cent of protem At a venous pressure of 60 mm Hg 
very little protem loss could be detected and the capillary filtrate con- 
tained an average of 0 3 per cent protem 

Two cases of edema are descnbed in which edema flmd was collected 
dunng venous congestion The protem content of the edema flmd was 
0 39 and 0 09 per cent, mdicatmg that the capillary wall retamed approx- 
imately 95 per cent of the plasma protem 
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lin? Trocnscgaard and Koudahl (11) were unable to bring down the 
cholesterol and phosphatides with the globulins if they were precipitated 
before the albumins 

Hard> and Mrs Gardner (12), Chick (13), and Haslam (7) found 
phospholipid matenal assoaated wath the globulin fraction of the plasma 
Macheboeuf (14) precipitated a protein fraction from horse serum and 
plasma with ammonium sulfate w'hich upon reprecipitation w'as constant 
in composition It contained 22 7 per cent phosphamino lipids, 17 9 
per cent cholesterol esters, and 59 1 per cent proteins This is the largest 
amount of total lipid associated with protein precipitates reported 
Macheboeuf, Wahl, and Sandor (15) also reported analyses on normal 
human plasma in which they found that the free cholesterol exceeded 
the cholesterol esters associated wuth the albumins, and tliat the reverse 
was true in the case of the globulins 

Lustig and Ivatz (16) studied both the phospholipid and cholesterol con- 
tent of beef plasma proteins They found less cholesterol and phospholi- 
pids in the euglobulin fraction than m the pseudoglobuhn and albumin 
fractions Went and Goreczky (17) showed that when serum proteins 
underwent an ultrafiltration process the cholesterol and phospholipid 
in the filtrate vaned directly wnth the amount of protein present A 
leatho-protein present in tissue fibnnogen was described by Mills (18) 
This combination, how^ever, presents a problem of different character 
from that found m the case of globulins and albumins 

The possibility of interpreting abnormal lipid-protem values under 
pathological or expenmental conditions, and also of obtaining information 
upon the t\'pe of assoaation present led the authors to a detailed study 
of the problem Since abnormal conditions were to be studied on both 
animal and human blood, it was thought desirable to make a preliminary 
study of the normal relationships between species For this purpose 
three tj'pes of blood, namely, human, dog, and horse, were employed, 
and a study of the lipids assoaated with the albumin and globulm frac- 
tions was made 

METHODS 

Prccipilalion of the proktns A portion of plasma or serum (at least 10 cc ) 
was diluted with three ^olumes of water and brought to one-fourth saturation 
with ammonium sulfate solution at room temperature If a preapitate of 
fibnnogen formed, it was remoted and discarded The globulins w'ere then 
prcnpitated b> half saturation and remoted from the solution by centrifuga- 
tion Filtenng in the usual manner was avoided in order to prevent loss of 
hpid matenal on the filter paper The preapitated protein was washed wath 
half-saturated ammonium sulfate solution and the w’ashings were added to the 
solution containing the albumins The globulins were dissolved in water 
Both fractions were coagulated bj heat and the pH was adjusted to the point 
of maximum prcapitauon by the addition of 10 per cent acetic aad After 
standing unul the preapitates settled, the supernatant liquids were removed 
bj siphoning Several washings were made with distilled v\ater in order to 
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remove the salt from the proteins No attempt was made to remove the Ia»t 
traces of ammomum sulfate as ft did not interfere with the extraction of the 
hpido 

Exiraclum of Ihe hptdt The lipids were removed from the moist proteina 
by extracting with hot 95 per cent alcohol three times, hot absolute alcohol 
once, and ether three times, all in the same tube After centrifugation, the 
solvents were decanted while still warm The amounts of solvents were in 
such proportion as to give when mixed a solution containing approximately 35 
per cent ether and 65 per cent alcohol After coohng, the extracts were diluted 
to a definite volume. The albumin fraction required less intensive extraction 
for removal of the lipid material than did the globuhn fraction This method 
of extraction was adapted from Cavett (19) who found that the proteina ex 
tracted by this method were completely freed from lipids He also demon 
strated the Importance of removing the hpids from the proteins while they 
were yet moist. 

A second portion of plasma or serum, usually consiating of 5 cc., was ex 
tracted with lOQ cc. of hot alcohol.ether solution by the regular Bloor procedure 
(20) The statement of Bloor that these proteins were free from lipids was 
also verified by Cavett (19) 

The extracted proteins were dned and weighed When the amount of 
plasma permitted, the relative amounts of the proteins were also determined 
colonmetncally by a modification of the Wu method (21) 

It was first planned to fractionate and study the euglobulins since some 
previous workers included this protein in their studies However, they worked 
with large amounts of plasma and In human cases this was not practicable 
In two cases, however, the euglobuhn, pseudoglobuhn and albumin were frac- 
tionally preapitated from diluted plasma by means of ammomum sulfate It 
was obvious that the amount of pseudoglobuhn in normal plasma was so small 
that a volume of blood approximating 50 cc. would have been necessary in 
order to obtain a suffiaent quantity for reliable analysis of the extracted hpids 
About one-third of the globuhns is composed of pseudoglobuhn or less than one 
gram per 100 cc. of plasma For this reason, it was decided to deal only with 
total globuhns and albumins Information obtained subsequently on patho 
logical material (22) strengthened this deasion as the euglobuhn fraction be- 
came very small with a corresponding increase in the pseudoglobulin fraction 

Determnalwns of liptds Bloor's oxidative method (23) was used for the 
determination of fatty aads This method consists essentially of sapomfica 
tion of the alcohol-ether solution extraction of the aadified residue with petro- 
leum ether, and oxidation of the ether residue with sulfunc aad dichromate 
reagent Correction was made for the cholesterol content. 

The phospholipids were determined os leathin phosphorus according to the 
method of Bloor (24) and Benedict and Theis (25) According to this proce- 
dure the extracted hpids are oxidised by a mixture of mtnc and sulfunc aads 
and the phosphonc aad reduced by hydroquinone-sulfite and sodium molyb 
date to a blue compound which is estimated colonmetncally 

The free and total cholesterol were analyzed by Turner s (26) modification 
of the Okey method (27) for the determination of cholesterol by oxidahon of 
the digitomde Iodine numbers were deterimned by Gibson s micro method 
(28) 

RESULTS 

The alcohol-ether extract of the protein fractions and also of the total 
plasma were examined for them content of fatty aads, leathin, and free 
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and tola! cliolcstero! Iodine numbers of the total lipids were deter- 
mined Results are expressed as percentage of Iipid per hundred cc of 
plasma and also as mgm of hpid per gram of protein since the amounts of 
globulin and albumin per unit x olume are not the same Typical deter- 
minations on human and dog plasma and horse serum are shown in Tables 
I, II, and III, respectixely The range of results between samples is 
chown in Tables lY and Y, in which the maximum and minimum lipid 
\ alues obtained from four samples of^plasma are given Yertical results 
do not necessanly refer to the same sample The relative amounts of 
hpids in the globulin and albumin fractions, expressed as ratios, are given 
in column 4 in each table 

The data on human blood came from four normal healthy individuals, 
who were bled usually at 11 am The precipitated plasma proteins 
contained about 50 per cent of the total lipids present in the plasma, al- 
though there was great vanation when the individual lipids were con- 
sidered (Table I) Approximately 45 per cent of the total fatty acids, 
28 per cent of the phospholipids and 75 per cent of the total cholesterol 
were found in the protein fractions A larger percentage of free choles- 
terol than of cholesterol esters was removed with the proteins, however, 
since the free cholesterol constituted less than half of the total, the ab- 
solute amount of cholesterol esters found with the proteins was larger 

Per unit weight, the globulin fraction contained more lipid matenal 
than the albumin fraction Average figures for the total lipids showed 
that the globulins contained about one-third more lipid matenal than the 
albumins per gram of protein The ratio of globulin lipid to albumin 
hpid was greatest for phospholipid and least for cholesterol However, 
when the lipids were calculated as mgm per 100 cc of plasma, the albu- 
min fraction contained a higher percentage than the globulin fraction 
since there was more albumin than globulin Per volume of plasma there 
was approximately twice as much total cholesterol assoaated with the 
albumin fraction as wnth the globulin fraction However, the globulins 
constituted about one-third of the total proteins present, so that there 
w as little difference in the distnbution of cholesterol per gram of protein 
betw een the tw'o fractions About 45 per cent of the fatty acids and also 
of the phospholipids were found wnth the globulins The globulin frac- 
tion both by weight and volume included a larger percentage of the 
ester than of the free cholesterol There was a greater vanation between 
samples in the cholesterol content of the proteins per unit of volume than 
in the fatty acid or phospholipid content (Table I\0 

The iodine numbers of the total lipids brought dowm with the globulin 
and albunun fractions were lower than those of the total plasma lipids 
A slightly lower iodine number was alw'aj's found on the lipids from the 
albumin fraction than from the globulin lipids These facts suggest that 
some oxidation of the lipids might have taken place during the prepara- 
tion of the protein fractions 
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Normal dog plasma (one sample) 
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Normal human variations (Jour samples of plasma) 
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To'ir t,Tnp’c^ of fa5tjn;; dop pln^^mn were oblnincd from three animnls 
r c rirnt: 1x;t^\ctn 10 and 13 kilofrrams, all on the same diet Tlic hpid 
cou'nt v>a': lower than that of human plasma Becau'^c of the small 
arrount of cholesterol present, it was difTicult to obtain both free and total 
cho't'tcrol, but in one case enough blood was drawn for the complete 
amKsis {Table II) The plasma proteins earned down about half the 
hp.d matcnal, a finding corresponding to the results obtained on human 
plasma The percentages of mdmdual hpids included wath the protein 
fractions were also similar How'e\cr, the globulin fraction per gram of 
p’-ottin as well as per unit of \olume contained more lipid material than 
was found in the human plasma The increase per unit \olume was 
alxiut 10 per cent for each hpid The ratio beUveen the amounts of 
I)ho=phohpid per gram of globulin and of albumin was abo\e two Fatty 
acids showed a corresponding increase and cholesterol increased to a 
les^r degree The relationships beU\cen free and total cholesterol and 
the protein fractions were not essentially altered The vanations be- 
tween samples (Table V) were greater in the cholesterol content of the 
proteins than in the fatty acid or phospholipid contents, as w'as true in the 
human plasma The iodine numbers also maintained the same relations 
to the total plasma as in human blood 

The horse scrum ‘ contained larger amounts of globulins than of 
albumins in the two samples studied The analysis obtained on one 
sample is gi\en in Table III The vanations between the two samples 
were slight Since the cholesterol content of horse serum is low, suffi- 
acntly large quantities were used to determine both free and total chol- 
esterol The amounts of fatty aads and of phospholipid were greater 
than those of dog plasma Approximately the same percentage of hpid 
matcnal was found with the total protein fractions as well as the same 
proportions of the indiMdual hpids, as in the human and dog samples 
The greater percentage of free cholesterol was also found with the 
proteins as in the preNaous determinations However, since the free 
cholesterol constituted nearly 50 per cent of the total cholesterol, the 
total proteins contained nearly equivalent amounts of the two forms of 
the sterol This is not a significant vanation since the normal propor- 
tion of free to total cholesterol is not a constant figure In the globulin 
fraction the amount of hpid matenal per unit volume was increased by 
an aN crage of 30 per cent oxer that found m the other two types of blood 
HowexTir, there was no marked increase m the globulin-albumin hpid 
ratio per gram of protein as compared to the results obtained from human 
plasma, because of the greater globulin content Per unit weight, the 
globulins contained about one-third more hpids than the albumins The 
clobuhn-albumm phospholipid ratio exceeded the fatty aad or cholesterol 

‘ We are indebted to Parle Daxis and Companj' for a generous suppl> of 
roTPal horse serum 
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rabos Slightly less cholesterol ester than free cholesterol was found on 
the globulin fraction, a difference which, however, is not a significant 
vanabon from the condibon present in the human or dog plasma The 
iodine numbers were lower for the protem lipids than for those of the 
whole plasma, and also lower for the globulm hpids than for the alburmn 
hpids 

SUMMARY AND CONCXUSIONS 

1 The albumins and globulins have been fracbonated by means of 
salt preapitabon from human and dog plasma and horse serum Fatty 
acids, phospholipids, and cholesterol have been detenmned in these pro- 
tem fracbons 

2 In general, the total proteins earned down about one half of the 
hpid content of the plasma or serum The globulms showed a defimte 
tendency to contain more hpids than did the albumms They also con- 
tained varying amounts of the individual hpids, the phosphohpids being 
present m a greater percentage than either fatty acids or cholesterol 

3 In horse serum, in which the amount of globulms was larger than 
of albumms there was no marked change m the amount of hpid per gram 
of protem, although such was the case per volume of serum 

4 The globulms of the dog plasma contained sigmficantly more of all 
three hpids than did those of horse serum or human plasma, the increase 
being the greatest m the case of the phosphohpids 
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THE BLOOD URIC ACID IN DISEASE 
By EDWIN P JORDAN Aim DOROTHY GASTON 
(From the Department of Medicine of the Dnioertity of Chicago, Chicago) 

(Received for publication March 28, 1932) 

Because of the large number of patients m the University of Chicago 
Clinics showing high blood unc aad bv the Koch * modification of the 
Fohn and Benedict methods using the Folm-Wu blood filtrate, it was 
deaded to try a different method The method which has seemed to 
to yield most satisfactory results is that described by Folm (1) in which 
he makes use of unlaked blood filtrate, a cyanide solubon stabihzed by 
means of urea, and a unc aad reagent free from phenol reagent This 
method has been used for all unc aad determinations in the Medical 
department since May 1931, and has proved relatively satisfactory as a 
chnical method The cyamde solubon, which is kept at low tempera- 
ture, retains its chromophonc power well, and when used with the unc 
aad reagent has produced no timbid solubons It was, of course, 
necessary to detemune a new senes of normal blood unc aad values by 
this method, and while the results are not wholly free from unexplained 
high values (see Table V), it is believed that this method, as compared 
with the one formerly used, gives more satisfactory results 

For the purpose of companson a few samples of blood were tested 
simultaneously for unc aad by the Koch modificabon formerly used 
(hereafter called " old method ") and by the Fohn method at present used 
Two samples from a conbol pabent, drawn on different days, gave 7 2 
and 9 2 mgm per 100 cc. by the old method and 3 9 and 3 8 mgra per 
100 cc. respecbvely by the new method One sample from a pabent 
with chronic gout gave 12 3 and 5 6 mgra per 100 cc by the old and new 
methods respecbvely The unc aad in the blood of a pabent with m- 
fecbous arthnbs was 5 3 and 2 1 mgm per 100 cc by the old and new 
methods respecbvely There was thus a deviabon m all instances m the 
same direcbon and to about the same degree, but there also seemed to be 
less vanabon m the results given by the method at present m use 

The first and most important considerabon for diagnosbc purposes 
m adopbng a new method of determimng the amount of unc aad in the 
venous blood was to find an upper limit for normal which would be 
reasonably satisfactory 

In Table I are a number of uric aad determinabons made on disease- 
free controls It will be seen that m only two. Case 6, W C , and Case 

’ Koch, F C Modificabon de\ eloped at University of Chicago 

747 






WOOD trie ACID 


TSTLr 1 
fr(r c<-!rc's 


r. ! 

\c- 

Ln: ii t~sn jv- lOOcc 

i 



I 1. r 

30 

2 S 3 0 

' J r, 

’0 

30 2 5 

' ti 

31 

2 5 2 4 

•; I! u 

2S 

2 5 2 2 

5 K H 

39 

2 S 3 2 

(, V. c 

43 

51 40 43 

7 B I 

30 

3 6 3 2 

^ H r 

2S 

3 5 3 4 

0 r. J 

29 

39 38 32 34 48 36 

ID R r 

27 

34 

11 D r. 

27 

3 2 2 6 

i: n \ 

36 

3 3 24 

13 C M J 

1 

41 

2 6 30 


9, H J , v,crc an\ results found higher than 4 mgm per cent In one of 
these (Ca=c 9) the high \ alue obtained •« as only one of si\, the others being 
normal, and this was interpreted as being of no significance The other 
(Ca'c 6) in ■u hich the uric aad value remained persistently above 4 mgm 
was purrling In spite of the fact that this individual is apparently 
healtht in c%cr\ wa\ , and is one of the control cases, we are considering 
the uric aad \alucs as abnormal 

In Tabic II are gnen a number of presumably normal unc acid read- 
ings and the clinical diaggiosis in each case It unll be noted that in none 
of thc=o IS the unc acid abo\e 4 mgm per 100 cc As a result this figure 
— 1 mgm of unc acid per 100 cc — is considered to be the usual upper 
limit of normal, subject to the qualifications discussed later 

The problem vhich prompted our interest in this study ivas that of 
gout Because of se\cral rather dramatic episodes in the diagnosis of 
thic condition it became desirable to determine by the new method the 
unc aad le%cls occumng in this disease Table III gives the amount 
of unc acid obtained in patients with gout It was at first intended to 
attempt the difTcrcntiation of acute gout and chronic gout, but because 
of the tendency, for one to shade into the other and because of the compli- 
caiions re'^ulLing from diet and medication this was deemed impracticable 
It 1 - noieivorthj that the unc aad let el is in most instances considerably 
abo\e the upper limit of those belieted to be normal as shown in Tables 
I and 11 In none of these patients was the blood unc aad the sole 
b-ic-s of diagnosis, though we ha\e found it an imprartant aid 

It IS well recognized (Peters and Van Slyke (2)) that the blood unc 
and mat be raised abote normal in a number of conditions other than 
true gout. It has been reported that it may or may not be raised in 
rephniis wath impaired kidney function (3), and that has been our c\- 
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TABLE n 

** Normal* blood uncaad 
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49 E.R. 

Radiculitis 

40 
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57 M R 

Degenerative arthntis myradema 
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3 1 
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Acute myositis lues latens 
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Degenerative arthntis, lues latens 

43 
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pcncncc In Table IV arc gi\cn the results m a senes of patients where 
the increase in blood unc acid may be explained on a basis other than 
pout In Case S5 where one determination was aboxe the expected 
normal and the others were normal, the diagnosis was not clear and the 
po'cibilitx of X isccral gout w as considered Because of the first result the 
paiicnt was placed on a punne-poor diet and was living on this regime 
when the other three determinations were made Many of the results 
ci\en in Table I\ are well within the range of gout, but two are higher 
than an\ we haxe xct found in gout 

It remains to include in Table \ those high uric acids wdnch cannot be 
explained b\ an\ information axailable to us There have not been 
mpn\ of these If more tests had been made on these patients it is pos- 
sible that some of the high x alues obtained xxould have been shown to be 


TABLE X 

Lrexplcincd unc acids 
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moon i me acip 


i!- 'r ■’Pv mri of no ciiacrno'^tic *;)pnirinncc The\ 0111=^1, how- 
1 ( irf'iu'icd mclic-itinc in the lest as a diaqnoctic procedure 

DlSCtSSION 

With the di‘-co\cr> of the unc acid diathesis m gout, attention \\as 
ff on punne metabolism Further studies ha\e indicated that the 
rf’atiop^liip l>ct\%ccn unc acid retention and gout is not as simple as at 
iV'-t l>ehe\cd Observers ha\c reported considerable vanation in the 
amount of b'ood unc acid under normal conditions as i\ell as in diseases 
othc' than gout Tlic significance of tliesc findings is not as yet thor- 
oughK understood \lthough mention of gout m the contemporaip' 
\mtncan literature is unusual, it has been our expenence to find the 
condition among Chicago patients wath greater frequency than \\as 
anticipated Wlicther a similar incidence of gout occurs in other parts 
of the counttA tvould be a matter of interest 

The amount of unc acid in the blood under normal and pathologic 
conditions is a matter of basic importance The more accurately the 
determinations can be made the sooner -will the understanding of punne 
metabolism approach scientific precision By Folin’s method, here in use, 
t\e behe\c tlial most, if not all, patients with gout wall show blood unc 
and ^alucs abo\e a range which we accept as normal The difficulty m 
diagnosis lies in distinguishing the higher values obtained in conditions 
other than gout Most of such high values have occurred in the vanous 
conditions alreadj knowat to be at times associated wath high blood unc 
and 
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A STUDY OF THE GASTRIC SECRETION IN 
HYPERTHYROIDISM BEFORE AND 
AFTER OPERATION 

By W R BERRYHILL and HARLEY A. WILLIAMS 

(Fr<Mn the H K hahtraUrry of Expenmentol Med\c\ne in the Department of 

Medxnne of Wtsiem Reserte Untverxxiy and the Afedtcal Semee 
of Lakeitde Hospital Cleveland) 

(Received for publicatloa Apnl 2, 1932) 

Gaatnc symptoms have long been assoaated with hyperth 3 Toidism 
The reports of studies attempting to correlate these symptoms with dis- 
turbances in gastric secretions are not uniform Several investigators 
(I, 2) report an mcrease in the hydrochlonc aad and total volume of 
secretion One (3) contends there is no characteristic secretion m ex- 
ophthalmic goiter A greater number (4-16) report a diminution or 
absence of hydrochlonc aad in hyperthyroidism aad in the feeding of 
thyroid extracts to animals Excellent reviews of the subject have ap- 
peared in recent papers by Moll and Flint (9), Brown (10), and Lennan 
and Means (13) With the development of a more accurate method for 
determming the degree of gastnc aadity by histamine stimulation it 
seemed desirable to restudy the problem Accordingly, a survey was 
begun eighteen months ago to determme the behavior of gastnc secretion 
in hyperthyroidism before and after operation Since the begmning of 
this work, Lerman and Means (13) have reported a study of gastnc 
secretion in exophthalrmc goiter before treatment using a similar method 

METHOD 

The present generally accepted technique of gastnc analysis was employed 
in this study A fasting speamen was withdrawn, followed by the ingestion 
of 50 cc. of 7 per cent alcohol Speamens were removed at twenty and forty 
minute intervals If the last apeamen contained no hydrochlonc aad, hista 
mine (ergotamine aad phosphate) 0 1 mgro per ten kilograms was given sub 
cutaneouslv and speamens were withdrawn at twenty and forty minute inter 
rals. The \olurae, free hydrochlonc aad and total aadity of each speamen 
were determined TOpfers reagent and phenolphthalan respectively were 
used as indicators and the results expressed as the number of cc. of N/10 
NaOH necessary to neutralize 100 cc, of gastnc juice 

Two analyses were done on each patient before preoperativ e iodine therapy 
was begun, a third the day before operation, and a fourth the day of discharge 
The patients were followed by subsequent analyses at intervals of one to two 
months We ha\ e arbitrarily classified the results upon the basis oi the highest 
aad content obtained after the stimulation by alcohol and histamine (1) 
Normals, those patients in whom repeated analyses showed free hydrochlonc 
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Ti t c:''-'-tnc ‘accretion'; of si\t.\ -three patients with disease of the th>- 
ro ri f hnd ha\c been 'Studied Of these, nine had adenomatous goiters 
with normal function One had an acute thyroiditis, also with normal 
function Of the remaining fifu -three cases, thirty-five had exophthal- 
mic goiter and fifteen had adenomas with elevated basal metabolism 
The remaining three ca'^es, which it seemed fair to exclude from this 
report, were complicated by conditions in which achlorhydria frequently 
occur: (pulmonarx tuberculosis, diabetes melhtus, chronic alcohlolism) 
The ages of the patients ranged from sixteen to seventy-tw'O with three 
IkIow twenty years and three aboxe sixty y’ears There were forty-fi\e 
females and fifteen males 


RESULTS 

/ Gastru secretion m disease of thyroid gland before treatment 
A Adenomatous goiters until normal function Control observation 
on the nine cases with adenomatous goiters with normal function and 
the ca«c with acute thyroiditis showed normal gastric acidity and volume 
of accretion 

B Ilypertl yroidism Of the thirty-five patients with exophthalmic 
goiter, twenty'-four or sixty'-mne per cent had an achlorhydria before 
prcoficrative iodine therapy’, eight an hy’poacidity, and three a normal 
■accretion In the group of fifteen adenomatous goiters with hyperfunc- 
tion ten or sixty -se\en per cent showed no hydrochloric acid and the 
remaining fixe had an hypoacidity' Thus, for the group of fifty patients 
with hy perthy roidism, thirty’-four or sixty-eight per cent had an achlor- 
h\dna and thirteen or twenty’-six per cent had an hypoacidity The 
diminution in xolume of gastric secretion paralleled the diminished acid 
content in the cases with hypoacidity and achlorhy'dria 

The results of this study' haxe been analyzed to determine whether 
there was any’ correlation between the inadence of achlorhydria and the 
age of the patient, the duration of tlie disease, or the elevation of metab- 
oh'^m From the data in Tables I and II we haxe concluded that age 
p’ays no significant part in the occurrence of achlorhydria in hyperthy- 
ro’di=m \\ hile it is true that the incidence of achlorhydna by age de- 
cades seemed to increase up to forty -fixe years, on the other hand when 
patients are dixaded into those aboxe and those below the age of forty, 
sixty -nine pc' cent of twentx-six patients abox’e forty’ years and sixty- 
•M:xcn per cent of the twenty -four patients under forty’ showed an absence 
of hxdrochlonc aad The obserxation that the age of the patients with 
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TABLE I 

Incidence of achlorhydria and reappearance of HCl hy o(e decades 
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TABLE n 

Incidence of achlorhydria and reappearanu of BCl by a[e decades 
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hyperfunctioning adenomaB as a group was higher than that of those 
with exophthalmic goiter, with practically the same percentage of achlor- 
hydria m each group , is further evidence in support of this conclusion 
The duration of the hyperthyroidism does not appear to mfluence the 
madence of achlorhydna In Table III, it will be noted that sixty nme 
per cent of thirteen cases with symptoms for two years and over had 
achlorhydna, while sixty-two per cent of twenty six cases with symptoms 
of under one year's duration likewise had an absence of hydrochlonc aad 
Of the twenty four patients with a history of more than one year s dura- 
tion, eighteen had achlorhydna as against sixteen of twenty-six patients 
with a duration of disease of less than one year 

A sunilar lack of correlation was found between the madence of 
achlorhydna and the elevabon of metabolism (see Table IV) Of the 
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tw cnl\ -':l\ patients wath metabolic rate of plus fifty or higher before iodine 
medication, El^t>-fi^c had no h^drochlonc aad .while seventy per cent of 
tw-cnt\ -four patients with metabolism of less than plus fifty show^ed 
achlorh>dna The number of cases in each group is too small to permit 
of attributing much significance to the difference in percentage 

Of the fifn patients wath h\ perthja-oidism, nineteen or thirty-eight 
per cent pa\c a histora of gastnc s>mptoms of a se\ere character The 
mo'=t prominent of these were anorexia, \omiting after meals, periods 
of dtardiea, and abdominal pain Of these nineteen patients, fourteen 
had achlorlu'dna 

II Gcslnc secrctwr tr d’seases of thyroid gland after trealmail 
The stud\ of gastric secretion was continued during preoperati\e 
thc"ap\ and for at least six months after operation in forty-two of the 
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fifty parents with hyperthyroidism In all the cases that have been 
folloi^, at least one subtotal thyroidectomy has been done, and each 
patient received preoperative lodme medication 

The gastnc secretion was unchanged in two of the three patients with 
normal aadity before operation The third had a persistence of hyper- 
thyroidism and developed hypoaadity The thirteen patients with 
hypoacidity before operation showed an mcrease m hydrochlonc acid, 
total aadity and volume of secretion to normal after operation Of the 
thirty-four patients with achlorhydria twenty six were followed, twenty 
with exophthalmic goiters and six with hyperfunctiomng adenomas In 
eighty per cent of the former and m fifty per cent of the latter hydrochlonc 
aad reappeared m the gastnc secretion Over a penod of time we have 
been able to demonstrate a gradual mcrease in the hydrochlonc aad, 
total aadity, and volume of secretion In other words, seventy-three 
per cent of twenty-six patients m whom achlorhydna had previously been 
demonstrated showed a return of gastnc secretion to a normal level fol- 
lowing the therapeutic reduction of thyroid over-activity 

In thirty two per cent of the cases, hydrochlonc aad returned at the 
end of the preoperative lodme therapy In sixteen per cent it was present 
ten days after operation In the remaining fifty two per cent it re- 
appeared m from one to two months postoperative With few exceptions 
the hydrochlonc aad reappeared first, only after histaimne stimulation, 
then after the alcohol meal, and finally m all speamens 

Of the seven cases m which achlorhydna has persisted after operation, 
one has a basal metabolism of plus fifty-two, while another has signs of 
myxedema Excluding these two whose persistmg anaadity may be 
assoaated with abnormal thyroid function, the percentage return of 
hydrochlonc aad for the group is seventy-nine per cent. 

The observation that the achlorhydna of hyperthyroidism is transient 
seemed of such significance that these cases were studied carefully m an 
attempt to correlate the reappearance of hydrochlonc aad with vanous 
factors The results have demonstrated that the secretory function 
of the stomach is resumed when the thyroid hyperfunction ceases, as 
mdicated by a decrease m the pulse and metabolic rates to a normal 
level There is no mdication of any defimte correlation between the re- 
turn of hydrochlonc aad and the total lodme dosage, age, duration of 
disease or elevation of metabolism (See Tables III and IV ) 

On the basis of these four factors there is no significant difference 
between those patients in whom gastnc aadity returned to normal and 
those with a persisting achlorhydna. Excludmg the eight patients not 
followed and the two m whom the persisting anaadity may still be 
assoaated with a contmuation of thyroid disease, there is an inadence of 
achlorhydna for the group of ten per cent which is not higher than the 
inadence for normal mdividuals m this age group (17, 18) 

49 



f \5TFir fT-cRPTlON IN H^^OTH^ROIntSM 


pjcCpctilON 

Ti f 't lilt'; of ■^Uid\ rlcarK indicate that the pa'^tne acidit\ in 
h' jv^'ilivTo dt'^m 1 = marfcdlv dimini'^hcd There is a hiph incidence of 
■’'“hU 'in dm and h\poacidit\ irrcspcctiacof whether the hj perthj roidi^m 
'<■ 1 -. nrntrd with c\ophthalmic poitcr or with adenomatous goiter with 
J \ prrfuNction This latter finding is of particular \aluc as prc\ious 
•mt-ogators lin\c reported that achlorhydria is either rare (5) or docs 
j.nt occur in arlcnomatous goiter with hypcrfunction (8) 

\ciilnrii\dria was demonstrated in si\ty-cight per cent of fifty cases, 
an incidence fiac times that in normal individuals of the same age (17). 
This !<; a dcfinitcK higher figure than most in\ cstigators have reported 
(a, 7, 8, 10) and is more nearly comparable to that found by Herzfeld (6) 
and Moore (11) 

ContrarN to previous reports (S, 10, 13), our results indicate no rela- 
tionship between the incidence of achlorhydria and the duration of the 
disease, height of the metabolism or age of the patient 

1 he most significant finding in this study has been the return of gastric 
secretion in the achlorhydrias of patients wath hy'perthyTOidism after 
treatment The reappearance of hydrochloric acid and the increase in 
gastric acidity and \olume of secretion has not been demonstrated pre- 
\iously so far as we ha\e been able to learn Heimann (12) states that 
the secretory anomalies in hyperthyroid disease do not improve, but the 
c\ idcnce m support of this conclusion docs not appear in his report Our 
obscr\atinn makes untenable sc\eral pre\iously reported conclusions 
( 2 , 1 2 , n) based on the assumption that the acid secreting impairment was 
I>crmancnt 

\ high incidence of achlorhy dria in hy'perthyTOidism is to be expected 
in the light of recent experimental work on the nen'ous control of the 
gastric glands (19, 20, 21, 22) Considerable evidence has accumulated 
which would indicate that this control may be the resultant of two an- 
tagonistic forces, the excitatory' secretory in the parasympathetic nerves 
and the inhibitory secretory m the sy mpalhetic WTiether the excessive 
•stimulation of the secrctorx inhibitorv' neiwes to the gastric glands by the 
tluroid hormones can, in itself, explain this pronounced disturbance in 
the gastric secretion , or whether other extra-thy roidal factors play a part, 
we arc unable to say It seems reasonable, howe\er, to suppose that an 
autonomic neraous imbalance in thyroid hy perfunclion may manifest 
Itself localK in the stomach as well as generally throughout the body 
The return of gastnc aadity after treatment is suggestnc evidence 
that the tluTOid o\ cractia it\ play s a major rule in the depression of gastnc 
acdita It follows that the gastric glands should resume their normal 
function upon the remoaal of lharoid hv perfunction if no structural 
damage h.-"; occurred in the mucosa of the stomach That no permanent 
carnage resulted must be inferred, at least in se%enty-three pier cent of the 
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cases m this study Heimann (12) concluded that the achlorhydna re- 
sulted from a direct toxic action of the thyroid hormone on the gastnc 
glands If this were true, the mjury must of necessity be a temporary 
one, from which the glands easily recover 

If a predisposing constitutional element were involved as an extra- 
thyroidal factor, the achlorhydna should persist As already observed, 
however, the reappearance of HCl m patients with hyperthyroidism, 
who were known to have had an achlorhydna, has been as defimte and 
clear cut as the increased tendency to achlorhydna 

A gastnc analysis may be of some diagnostic value in differentiating 
between a mild or disguised hyperthyroidism and other diseases, particu- 
larly the neuroses 

CONCLUSIONS 

1 The reported studies demonstrate that there is a high inndence of 
achlorhydna in hyperthyroidism 

2 Of fifty patients with hyperthyroidism, sixty-eight per cent had 
achlorhydna after histamine stimulation 

3 Achlorhydna was demonstrated m sixty nine per cent of thirty five 
patients with exophthalmic goiter, and m sixty seven per cent of patients 
with hyperfunctioning adenomas 

4 Control studies on mne patients having adenomatous goiters with 
normal function of the thyroid, and on one patient with acute thyroiditis 
showed normal gastnc acidity 

5 The gastnc secretion has been studied for six months after opera- 
tion in forty two of the fifty cases of hyperthyroidism 

6 In seventy-three per cent of these the hydrochlonc aad has re- 
turned m the gastnc secretion and the total aadity has increased The 
thirteen patients with hypoaadity before operation had a normal secre- 
tion after the thyroid overacbvity ceased 

7 The results of this study support the behef that thyroid overactivity 
may play the major rdle in producmg the dimmished secretion of aad in 
hyperthyroidism 
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THYROID HYPERPLASIA PRODUCED IN CHICKENS BY 
ULTRAVIOLET LIGHT DEFICIENCY 

By KENNETH B TURNER and ETHEL M BENEDICT 

(From the Department of Medtctne of the CoUeie of Phynaanj and Surteone Cotumha 
University, and the Presbyterian Hospital, New York City) 

(Recenred for publication April 8, 1932) 

In the course of an experiment designed to produce enlargement of 
the parathyroid glands of chickens by excluding ultraviolet light, it was 
noted that the birds were developing thyroid instead of parathyroid 
hyperplasia As little reference could be found to the mfluence of light 
upon the thyroid gland, it was decided to study further this mteresting 
observation A portion of this work has already been bnefly reported (1) 

Sorour (2) found that the thyroids of rats kept m darkness resembled 
those of patients with Basedow's disease while the glands of rats kept m 
light were normal The animals were upon a deficient diet and developed 
tickets and parathyroid hypertrophy 

Clausen (3) subjected rats to selective radiation with infra red, and 
found, m a limited number of animals that were exammed, "marked 
enlargement and hypertrophy of the thyroid gland Irradiation with 
ultraviolet, in corresponding litter mates, was foimd to prevent this 
hypertrophy whether or not the rat was exposed to mfra-red radiation " 
These rats were also rachitic 

Bergfeld (4, 5) m a senes of experiments on rats noted that the 
thyroid glands of the animals kept in darkness showed marked hyper- 
plasia. This did not occur in nearly so marked a degree in ammals ex- 
posed to daylight. Further analysis showed that the ultraviolet rays 
with a wave length below 310 millimicrons were the effective factor in 
preventing this hyperplasia. Metabolic studies showed no correlation 
between the histological picture and oxygen consumption Unilateral 
cervical sympathectomy did not affect the development of hyperplasia. 
A further finding of mterest was that rats kept in darkness failed to de 
velop hyperplasia of the thyroids if injected with a skm extract prepared 
from other rats that had received ultraviolet light. Protection was not 
afforded by a smular skm extract from animals that did not receive ultra 
violet It IS not clear from Bergfeld's reports whether or not his rats had 
rickets 

Rosenkranz (6) m a histological study of the thyroids of cattle con- 
fined to stables and rabbits m hutches found a hyperplastic reaction that 
was not present in grazing cattle or rabbits exposed to the sunlight, 
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K'^p %^urr ~ in d.irkno^'^ or c\po=;inc: llicm to stinliplu enured 
'Mr ' "c in ti c •Mlinr content of the tin roid*^ or of the ‘^kin, nccordini: to 
\ t 1 f dcnl'^'i ( 7 ) 

I'c - and ‘'milli (S' «;hn\\cd that evpo'^urc of rnt'i to cxcc'^'^nc ultra- 
\ lo’-'t r tfintion n- the adminntration of large amounts of \ lostcrol had no 
t Tert Ulna tiic endornne glands including the thjroids 

‘'KT'd and Higgins (9, 10) found that chickens recening no ultra- 
Moki light ‘-howed a retardation of gro^\th and h>'perplasia of the para- 
tlnrofl ghndc Both cfTects were more or less prc\cnted b> tlie addition 
of 2 per cent cod Incr oil b\ ^\clght to the diet Apparenth llnroid 
In fiCTila-ia did not occur as there is no mention of it in these papers 

In cummarx, cxidence is accumulating suggesting that the absence of 
ultraxaolcl light causes thjroid hjpcrplasia 

rRHUMlNARX OnsrRXATIONS 

In Januarx, 1929, a group of si\-day old Barred Rock chicks was 
‘separated into txxo equal lots, each of xxhich xxas placed in a pen m the 
<amc room The birds in one pen receixed diffuse daylight through 
ordinarx xxandoxx glass and were used as controls The second pen xxas 
cox cred ox cr wath number 48 Pittsburgh amber glass This glass accord- 
ing to Shcard and Higgins (9, 10) transmits about 30 per cent of the visible 
rax s and 50 per cent of the infra-red, while none of the w’axes of a length 
Ic's than 360 millimicrons pass through Spectrograph ic analysis of the 
particular sample of glass used by us was obtained through the kindness 
of Professor Hans T Clarke It xvas found that all rays beloxv 344 milli- 
microns XX ere excluded bx’ the glass The diet for both groups of chickens 
xxa'; the same and consisted of a mash containing corn and bone meal, 
xxheat middlings, limestone gnt, and salt, to w'hich xvas added cracked 
co'-n and wheat Cod liver oil xxas mixed xvith the grain for the first 
t'i daxs 

At frequent intervals after the birds had reached an age of 55 days, a 
chicken from each lot was selected, xxeighed, and then killed by the ad- 
ministration of ether Before death had occurred a specimen of blood w as 
obtained bx cardiac puncture At autopsy the followang points w'ere 
noted general condition, presence of rachitic deformities, consistency 
of bonc=, gro‘:s appearance of parathjroid and thyroid glands These 
elands xxcrc then remoxed for microscopic stud> In a few instances a 
femur xxas taken for determination of its calaum and phosphorus content 

A total of 37 chickens w'as examined The experiment ended in June, 
1029 

Gci c’-c' rerJi‘’o/ The chickens in both groups were usually well, 
\ico'ou=, and had cood plumage There xxas a marked xanation in size 
w ilia each group The bones of the birds raised under amber glass 
'^oen'c-d softer than iho'^e of the controls, but except for a twisted sternum 
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m a few instances there was no other rachitic deformity One chicken 
developed leg weakness 

WetgJits Figure 1 shows that the chickens raised under amber glass 
were stnaller than the controls particularly m the later part of the penod 

WcijKt 



Fig 1 Weights op Two Groups of Chickens at Different Ages in 
Preuuinary Observations 

of observation The average weights for the entire groups were as 
follows 

19 chickens raised under amber glass — average weight, 426 grams 
18 control chickens — average weight, 535 grams 

Serum calctum and phosphorus The calaum was deternuned by the 
method of Clark and CoUip (11) and the phosphorus by the method of 
Fiske and Subbarow (12) A wide variation was noted m both groups 
as follows 

A 17 chickens raised under amber glass 

Serum calcium — range 5 3 — 12 0 mgm 

— average 9 6 mgm 

Serum phosphorus — range 1 5 — 8 5 mgm 
— average 4 7 mgm 

B 18 control chickens 

Serum calaum — range 7 0 — 12 6 mgm 

— average 10 9 mgm 

Serum phosphorus — range 4 7 — 8 3 mgm 
— average 6 6 mgm. 

Ackerson, Blish and Mussehl reported (13) that the average serum 
calaum m 68 normal chicks was 10 6 mgm and the phosphorus 4 60 mgm , 


per 100 cc 
per 100 cc. 

per 100 ca 
per 100 ca 
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^ .'i ("i 'ir' ti< ( ij i4< tl c cilaum a\cm^cd 7 {O rnj:m TIic piio- 
, u'^ 1.1 n ir c'diip- u 'I'; v uiiin no-m'il IimtN, hut t(ic scrum calcium 

f' * 1 / c iicf r",.; u'-dc' '■mbcr c!t^ 5 V. as below the normal a^ crape 

t j- rr i* repi O'' ts i hot r I'rom each of cipht chickens a femur 
'. 1 - rcmo\C'! dncfl to constant wcipht, and analjrcd for calcium and 
pi r p’ nnis In the same methods used for the serum The results (Table 
I . spfiu tint the Inncs of chickens in the amber glass group had a shghtK 
Inhered calcium content and a noticeable reduction in phosphorus 


T\rLE I 

Ca rrd P cortfr* of bore ard serum 



C' Ir-I 

Ac' rt 
c' cVr-l 

• o' 

tinoi fenur 

Ca r^r fTin 
of bone 

rho«r»!ioni< jv'r 
pram of bono 

•icrum 

calcium 

Scrum 

pticxptiorus 





WKKm 


rtrn 

m/rtn 




fr^***J 


rjfm 

tn 

frr 







too ct 

too cc 


22 

114 



87 

12 6 

63 

Co-lrol 

24 

117 



76 

11 4 

6 8 

r:nap 

26 

■mH 


172 

72 

11 4 

SO 


to 



164 

87 

10 7 

70 


[ 


/Irrragc 

167 

81 

11 5 

70 

\mbcr 

23 

114 

1 262 

159 

84 

97 

68 

gH'v 

2'i* 

117 

2 130 

152 

60 

94 

2 7 

proup 

mm 

■ MM 

2 149 

162 

65 

95 

5 1 



pila 

2 282 

167 

75 

7 7 

1 

60 

■Bl 


Bl 

A rrragf 

160 

71 

9 1 

i 

5 7 


* Dcspi'c the lou Ca and P in both bone and scrum this bird \sas well developed, 
1ml h\ and vastorous The parath>Toids were small, the thjToids large and congested 


7/. raid at.d paraiLyrotd f!,laitds Enlargement of the parathyroids 
described as slight to moderate, occurred in 6 of the 18 chickens raised 
under amber glass In the remainder of the group and m the controls no 
impo''tant \anation was noted 

Beginning at the age of 85 da>s and occumng consistently thereafter 
a biliteml enlargement of the thjroids, often of marked degree, was 
found in the chickens of the amber glass group In addition to being 
larger than the glands of the control birds, these thjToids were deep purple 
in color contrasted to \ellowash-pink of the normals Histologically the 
enlarged tlnroids presented the picture of active hyperplasia 

1 hesc changes were unexpected and suggested the work described as 
the fiS'i expenment 

Si"” cr_ cf p’-e’ n 'rcr^, obserratwt s A group of Barred Rock chicks, 
rai^i under amber gla=s that excluded all rays of wave-lengths less than 
5?- millim'crons, showed the follownng differences when compared wnth a 
cc-troi group that received diffuse daylight through ordinary window 
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glass (1) retardaDon of growth, (2) lowered serum calaum and phos- 
phorus, (3) softer bones contaimng less calaum and phosphorus, (4) 
mconstant parathyroid enlargement, (5) marked enlargement of the 
thyroid glands 

FIRST EXPERIMENT THE PRODUCTION OF THTROID HYPERPLASIA BY 
ULTRAVIOLET LIGHT DEFICIENCY 

In order to avoid complicating factors and to render the results as 
clear-cut as possible certam modifications of the expenmental conditions 
were mtroduced Barred Rock chicks were agam used The pens were 
the same and were indoors as before. The changes were as follows 

1 Because the preUnunary mortality among both groups of chickens 
was apt to be high, it was deaded to buy four-week old chicks instead of 
those newly hatched Upon receipt the birds were kept together for a 
week or ten days During this period cod liver oil was added to the diet 
At the age of 5 to 6 weeks, the chicks were divided into two lots, one of 
which was placed m the amber glass pen 

2 The chickens used as controls received ultraviolet radiation for 
five mmutes three times a week by means of a mercury arc lamp at four 
feet m addition to diffuse daylight through ordmary window glass 

3 The mash used m the preliminary work was replaced by a commer- 
aal growmg mash containmg oatmeal, hominy feed, yellow hominy feed, 
barley meal, wheat bran, wheat rmddlmgs, fish meal, meat scraps, alfalfa 
meal, sodium chlonde, ground limestone, molasses, and cod liver meal 
(1 per cent by weight) Lettuce or cabbage was also given to both lots 
two or three times a week 

A total of 58 chickens was used m this expenment The birds were 
from three different hatches occurnng m February, Apnl and September, 
1930 As no vanation m response was apparent the results obtained 
from the three lots have been consolidated for convemence. 

General condition There was no difference in the general condition 
of the control chickens and those raised under amber glass The birds 
were vigorous, healthy, and well plumaged There was no evidence of 
nckets or leg weakness and the bones of both lots were firm 

Weight Contrary to the results obtained m the preliminarv work, 
there was no difference between the weights of the controls and of the 
chickens that received no ultraviolet fight (Figure 2) The average body 
■weight of 28 control birds of -vanous ages -was 632 grams, while that of 
30 chickens raised under amber glass was 630 grams The close correla- 
tion m growth curves is believed to be a result of the constant daily 
mtake of small amounts of cod liver oil 

Serum calcium and phosphorus Analyses of the calaum and phos 
phorus content of the serum were made on 6 chickens from each group 
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from 7-107 mgm and averaged 46 mgm More complete details for the 
entire senes of 58 chickens are shown in Table II which gives the age, 
body weight in grams, thyroid weights in milhgrams, and milligrams of 



55 45 7S as 35 105 IIS 135 135 1+S 155 155 
Afc in dAyS 

Fig 3 Variations in Thyroid Weights 

thyroid per kilogram of body weight This last item is of particular in- 
terest because of the close correspondence of body weights in the two 
groups The vanation m the thyroid body weight ratio as expressed in 
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Fig 4 


Al the bottom thyroid from a control chicken that received ultraxiolct 
\it,hL The follicles arc large and ^cll filled \nth colloid The epithelnl cells 
arc cuboidal The upper section is from a chicken of the same age and 
weight that was depn\ed of ultraviolet light Hyperplasia of the epithelial 
cells 18 e\idcnt The follicles arc more numerous and smaller The amount 
of colloid 13 decreased The o\.)gcn consumption of both birds \\‘a 8 the same 
(Magnification X 200 ) 
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In addibon to gross enlargement, there was a marked difference in 
color Whereas the normal gland was a pale, yellowish pink, the enlarged 
glands were usually deep, purplish red and gave the impression of m- 
creased vascularity 

The histological differences are well shown in Figures 4 and 5 In the 
thyroids of the control group the epithelial cells were low cuboidal, the 
folhcles were large, and colloid was abundant and readily stained The 
enlarged glands of the ultraviolet defiaent chickens showed very marked 
hyperplasia of the epithelial cells which were more cylmdncal in form, 
smaller and more abundant folhdes, and a great dumnubon in the amount 
of colloid The colloid that was present stained poorly There was no 
lymphocybc mfiltrabon 

Oxygen constimphon Through the kindness of Dr Dickinson W 
Richards, Jr , who supervised this part of the experiment, it was possible 
to detenmne the oxygen consumpbon of four chickens from each group 
(Table III) In spite of the fact that the ultraviolet deficient chickens 


TABia m 

Oxyien consumpiton compared wdh hm of thyroids 



nunber 

Namb«r of 
metabolUa 
detersilfitliaai 

Avetaae Oi aAmnptkn 
persT^n cl cbicfai 
per mlDUte 

Tbsrrotdi In mgxa. p«r 
body vtitbt 




u, ' 



64 

3 

107 

55 

Control 

65 

7 

107 

77 

group 

66 

3 

0 96 

49 


67 

4 

0 82 

58 



Averagi 

0 98 

60 

Ultraviolet ! 

64A 

4 

0 91 

74 

defiaent ' 

55A 

3 

0 93 

145 

group ! 

1 

66A 

6 

102 

111 

67A 

3 

0 87 

179 


1 

Average 

0 93 

127 


had twice as much thyroid bssue per kilogram of body weight as the con- 
trols, the oxygen consumpbon displayed no significant vanabon, showing 
that the hyperplasia was a compensatory process and that the enlarged 
gland was not an overacbng one 

Iodine content of thyroids Iodine determmabons were made upon 
three glands by Dr Alexander B Gutman to whom we are indebted for 
the figures shown in Table IV The results suggest that the iodine con- 
tent of the hyperplasbc gland was low 

Summary (1) A group of chickens raised under amber glass that 
excluded all the ultraviolet rays below 344 rmlhnucrons was compared 
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TABLE V 

Body and thyroid woichls of uUriwioUi defiaatl chicketu reumtig excesme amounttof todtne 


Ase 

Bodr 

w^tnt 

] 

^roebts 1 

Mffm- thyroid per 
body wefjht 


troms 

Mtm, 1 


111 

876 

47 1 

54 

111 

773 

60 

78 

111 

509 

23 1 

45 

111 

674 

60 

89 

124 

1290 

68 1 

53 

124 

68S 

30 

44 

124 ; 

890 

41 

46 

124 1 

781 

41 

53 

140 

938 

S3 

89 

140 

910 

49 

54 

140 1 

943 

50 

53 

Average 

643 

56 

60 


Table VI which serves as a partial resume of the work. The average body 
weight of the controls and the ultraviolet deficient chickens is stnkingly 
similar The ultraviolet deficient group fed KI cannot be included in this 
companson because there were no chickens less than 110 days old in this 
group, which also accounts for the shghtly increased thyroid weights of 

TABLE VI 


Summary of body and thyroid wettklsfor tho three groups of ehutens 


Groop 

Nomberof 

chkken* 

ated 

Aretate i 
body 

1 

Amtgi 
tbyroW 
wttgiit* 1 

Average 
mpiuof thy 
rofdperkjm* 
body weltbt 



trowu 

' MfM* 

mgrt. 

Controls 

28 

632 

46 

1 75 

Ultraviolet defiaeot 

30 

630 

102 

179 

Ultraviolet deficient fed KI 

1 11 

1 (843) 

56 

1 GO 


these birds The thyroid glands of the chickens raised under amber glass 
without the addition of iodine to the diet are more than twice the weight 
of the control glands This difference again appears when the results are 
expressed as milligrams of thyroid per kilogram of body weight. In this 
last companson the iodine fed birds olosely resemble the controls 

CONCLUSIONS 

Enlargement of the thyroid glands of growing, non rachitic chickens 
may be produced by the exclusion of ultraviolet hght. Histologically the 
glands are hyperplastic, and poor in colloid The thyroid enlargement 
IS not accompanied by an increase in the bird’s oxygen consumption 
The hyperplasia may be prevented by the administration of potassium 
iodide 























LACTIC ACID IN THE BLOOD OF RESTING MAN 


By A. V BOCK, D B DILL and H T EDWARDS 

{From the Fatigue Laboratory iforgan Salt Harvard Unrvemty^ and the Medical Labora- 
tories of the Massachusetts General Hospital, Boston) 

(Received (or publication April 14 1932) 

The (xinception that, under resting conditions, blood lactic acid 
vanes directly with pH is now current in the literature According to 
this view, in states of alkalosis, lactic acid increases in the blood while 
dunng aadosis the opposite effect is produced The ongin of this con- 
ception IS chiefly attnbutable to the work of Macleod (1), Anrep and 
Cannan (2), Long (3), and Eggleton and Evans (4) A further commonly 
accepted view concermng lactic aad in the blood of restmg man is that 
this substance onginates chiefly from muscle metabolism The gradual 
accumulation of data m our hands from vanous sources dunng the past 
few years with respect to lactic aad has led to the formulation of the 
following inquiry To what extent are the generally accepted mechanisms 
mentioned above concermng lactic aad operable in man? An investiga- 
tion of these questions is desirable because much of the existmg informa- 
tion has accrued from experimental work on cats and dogs The present 
data have been obtained in a study of normal man unless otherwise stated 
The methods used for preventing in vtiro changes m the blood and for 
its analysis have been descnbed before (5) Following the procedure we 
have adopted, the amount of lactic aad found in the blood of restmg 
man has a range of 6 to 14 mgra per 100 cc , the average value being 
about 10 mgm Alkalosis has been produced by ingestion of sodium 
bicarbonate or by voluntary over ventilation Aadosis has been pro- 
duced by ammomum chloride admimstration In addition, observations 
have been made m anoxerma, m moderate work, and on a dog dunng 
alkalosis 

ALKALOSIS 

After a rest of 30 mmutes in a rechmng position, venous blood was 
secured from four normal men, and alveolar air samples were taken 
The subjects then ingested 20 gram doses of sodium bicarbonate at 9 
A M , at llA M and at 2 P M Dunng the day the alkaline reserve ^ of 
venous blood was detenmned from time to time with results as indicated 
in Figure 1 On the first and last samples of blood, analyses were per- 

' Alkaline reserve is defined as the carbon dioiade content of oxygenated 
whole blood when the partial pressure of carbon dioxide is 40 mm Hg 
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TABLB t 

Soiitm UcaritmaM i x/ nrim twti 


Data 



A1t«- 

ISm 

add 

sB.! 



■■ 


mimwm 






Hi 

SVCM 

iffa. 


1928 







Jane 22 

H D Normal 


396 

459 

81 

749 

June 6 

H D After elkeli 


426 

37J 

7J 

746 

September 27 

H D After alkali 


38J 

46.7 

117 

741 

October 1 

H D After alkali 


40J 

56.1 

U.6 

747 

November 13 

I G Nephrotic 



67 2 


743 

mi 







September 30 

D B D Normal 


38B 

50 45 

13 6 

744 

September 30 

D B D Alter alkaU 

Him 

467 

64J 

Eon 

740 

October 2 

A.V B Normal 


383) 

47 65 

8J 

743 

October 2 

A V B After alkali 

4 PM 

43 1 

611) 

7.6 

749 

October 2 

S A. 0 Normal 

10 A.M 

39B 

47.8 

9J 

742 

October 2 

S. A. 0 After alkaU 

4 PM 

45 0 

63 45 


742 

October 2 

A.J D Normal 

9 AM 

38B 

47A 

iij 

743 

October 2 

A.J D After alkaU 

4 PM 

434 

64J 

14 6 

741 


* Set footnote 1 of text 

t Celcoleted m thu and following table* from the known propertie* of blood 
and to correspond to tbe observed pCO) in alveolar air 


reserve force to combat alkalosis. But even m the absence of ■llralois 
such expenmcntal procedures are frequently followed by large mctcases 
m blood lactic acid There is no substantial evidence suggesting that a 
similar mechanism u operative m man under any commonly found set of 
circumstances ’ 

Acnxwis 

In a period of 48 hours two subjects ingested 35 grams of ammooinm 
chloride After a rest period of 30 mmutes samples of alveolar air and 
blood were taken The data obtained are grven m Table 11, together 
with similar data from the subject H D tnkm from Dennig's paper 
mentioned above. The values found for hu:tic acid again fall m the nor- 
mal range even though the alkaline r eser ve may be reduced by morb «-b»n 
SO per cent with the pH, reduced to 7 21 The data are few but the ex- 
perimental conditLons are simple, the technique for the various determina- 
tions is thoroughly standardized and the result* leave httle question that 
additional observations would give similar results It is perhaps worth 

» In the paper of Himwich, Koskoff and Nahum (7) in srtnch high lactic 
aad value* were found in snesthedzed and decerebrated the authors 

make the foUosring statement “The experiments on the resting unnatcotiied 
dog and those on the human beings have not been tabulated since they (Ud 
not indicate significant change* in the lactic aad and glucose content of the 
blood ' 
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carbon dioxide is probabl> of the order found b\ Loop Since, under 
thc'c conditions, we could demonstrate little if an\ chanec in blood hrtir 
arid, the question was not pursued further Our data do not lend sup- 
port to Long’s hjpothcsis 

2 T'W (KCT-vcnhlahou After the usual initial period of rc-^t 
on a l>cd the subject began xoluntanlj to increase his breathing The 
expired air was collected in a600-htcr spirometer, an obserxer announced 
the approximate xolume expired each minute and the subject attempted 
to maintain his x olume of breathing at about 30 liters per minute Near 
the end of the experiment, alxcolar air samples were collected and blocxl 
drawn from both the radial arterj and antecubital vein Fixidcnccs of a 
state of tetany were present in cxcr>^ case but one when the blood was 
taken The data are gix'cn m Table IV They show that the arterial 
CO: pressure ranges between 12 and 16 mm , the arterial COj content is 
below’ 35 X olumes per cent, the pH, ranges from 7 60 to 7 73 and the lactic 
and rises to txx’o or three times the normal xalue The duration of the 
expenments xxas too short to produce any appreciable change m alkaline 
reserxe 

In these expenments the increase of lactic acid is assoaated wnth a 
high grade of alkalosis concerning which there can be no doubt, but it is 
to be noted that the expenmental conditions are such as to interfere wnth 
the function of the greatest regulatory mechanism of the body, that of 
spontaneous breathing Not only is the pH of the blood altered, but 
presumably many other vanables arc also grossly shifted In the blood 
the pnmary shift occurs in the excessix'e elimination of carbon dioxide 
by the lubgs and since the body is provided wnth protectixe dexiccs of 
x’anous sorts, it has been held that an increase in lactic acid dunng 
hy’perx entilation is a means of offsetting alkalosis It seems clear that 
the increase in lactic aad is related to a complex phy’sicociiemical change 
w hich cannot be resolved wnth present know’Iedgc and that therefore the 
explanation of the increase of lactic aad must remain uncertain The 
results are quite different from those found W'hcn similar x olumes of 
breathing per minute were induced by the simple expedient of permitting 
carbon dioxide to accumulate in the inspired air In three out of fixe 
experiments in which lactic aad xxas determined in both arterial and 
xenous blood there is exndence that the formation of lactic acid occurs in 
the muscles, but this bore no proportionate relation to the tetanic spasms 
and paresthesia noted by the x’anous subjects Such a suggestion was 
made by Peters, Bulger, Eiscnman and Lee (8) to account for the in- 
creased organic aad found in the blood after hyperx entilation 

ANOXEillA 

In addition to conditions mfluenang pnmanly the acid-base cquihb- 
num, lack of oxygen is usually considered as the pnnapal cause of an 
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increase in blood lactic acid The hichc?l \ allies for lactic acid in MiwI 
ha\c been those found dunnp or after ce\crc plu'^ical c\crri«c, in whicli 
cither the ^uppK of ONrvpcn is madeqUvOte or the rate of formation of thi=; 
acid exceeds the speed of its rcsanthe^is or rcmo\<al indciKndcnt of the 
owpen supph Notuithstandinp the fact that anoxemia is cniistantla 
mentioned as a cause of increased amounts of lactic acid in the blootl. there 
IS little cxidcnce to show at what lc\cl of anoNcmia this occurs m rc^tinp 
man Koehler, Bchneman, Bcnell, and Locaenhart (9) ha\e shown that 
acidosis is the terminal condition in pigs, wlicn these animals arc sub- 
jected for a sufficient period to atmospheres of oxjgcn as low as 4 or S 
per cent Macleod (10) found an increase m lactic acid in animals sub- 
jected to se\cre anoxemia and shock, but the opcrali\e conditions were 
probably of ^^tal importance in liis results Mcakins and Long (11), 
Jen ell (12) and Groag and Schwarz (13) haxe reported increases m lactic 
acid m the blood of patients suffering from congcstix c heart failure more 
or less proportionate to the degree of circulatory failure Weiss (14) 
has been unable to confirm the latter results His data indicate that 
lactic acid seldom exceeds 20 mgm in patients sufTenng from congests c 
failure Many other conditions such as anesthesia, hemorrhage, diseases 
of the liver, etc , are associated wnth abnormal amounts of lactic acid m 
the blood, all presumably related in one w'ay or another to o\>gcn defi- 
ciency' 


TABLE \ 

Anoxemia expenmerls 





Dura 

tioti 

llbOi 

content 

Lae 


Date 

Subject 

In-pited Kas 

of 

tic 

pH, 




arterial 

ndtj 





blood 



IP5I 



mm 

ufex 

ffT cent 
of ra- 

rrfm 

frr 

100 





taci y 

cc 


Maj 1 

D B D 

9 per cento -p Nj 

52 

56 2 


7 49 

Ma> 22 

D B D 

9 per cent 0- -f 2 47 percent CO 4- N- 

67 

69 S 

9 7 

7 42 

Maj 27 

A B 

9 I percent 0; + 'V- 

72 

643 

12 8 

7 45 

June 2 

A B 

9 2 per cent 0; -h 2 5 jJercent CO -f Nj 

5S 

75 0 

10 4 

7 41 

June 10 

H T E 

9 2 per cent 0- -f 2 7 per cent COj + N i 

43 

76 9 

12 0. 

7 45 

June 16 

H T E 

9 2 per cent O + N; 

6S 

51 1 

15.51 

7 45 


In connection wTth another research not >et published we ha%e ob- 
tained the data shown m Table V The subjects, while sitting in a chair, 
breathed in one case an atmosphere of 9 per cent ox'vgcn -h 91 per cent 
nitrogen and in another case a gas mixture consisting of 9 per cent oxv gen 
-r 2 5 per cent carbon dioxide -f- SS 5 per cent nitrogen Nine per cent 
oxxgen at sea lex el is equixalent to the partial pressure of this gas at an 
altitude of 22,000 feet The degree of anoxemia reached in these c' pen- 
men ts, as shown b\ the per cent saturation of artcnal blood with oxypen, 
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equals or exceeds that found in most cases of lobar pneumonia or of cir- 
culatory failure The lactic acid values found are on the average about 
2 mgm higher than the average normal value Such results suggest that 
anoxemia per se in man must be of a very high order of magnitude if it is 
to cause a substantial increase in lactic aad Lactic aad formation is 
shown to be httle affected when the partial pressure of oxygen m artenal 
blood drops to half normal Of course it is possible that in some patho- 
logical conditions there may be not only decreased saturation of artenal 
blood but also a slower rate of movement of blood through the capillary 
bed When this occurs the mean pressure of oxygen will be further re- 
duced 

MODERATE PHYSICAL EXERCISE 

Although the response of the body dunng physical exercise is not of 
pnmary interest in this paper, the data of expenments tabulated m Table 
VI are mcluded to demonstrate the stabihty of lactic aad concentration 


TABLE VI 

Exercise expenments of 30 minnies* duratum 


Date 1 

Subject 

Rate 

Qxyitaa 

LacUc tdd is 

Retting 

1 TtftOQ# blood 

After wwl: 



mOts 

tiiin 

tBfw ptr 
tOOu. 

x-r 

1991 


per 

komr 

rJunSt 

October 21 

W E.C* 

3.5 

094 


98 

October 26 

W E.C 

46 

1 49 


117 

November 2 

W E C 

70 

230 


133 

November 4 

W E C 

58 

1 84 

■I 

121 

November 9 

W E,C 

66 

2 70 

12 1 

254 

October 23 

A.] D 

23 

099 

113 

12 1 

October 26 

A.J D 

33 

109 

1 90 

93 

November 2 

A J D 

46 

1 69 

113 

15 6 

November 24 

A V B 

33 

1 18 

13 7 

98 

November 24 

Mia» D C 

33 

1 101 

92 

99 

November 24 

S A.0 

33 

127 

90 

86 


* Trained runner 

even dunng exerase reqmnng a metabohc rate several times that of the 
resting state The subjects walked or ran for 30 minutes on an electncally 
dnven treadmill at the speeds indicated m the table. The only subject 
in physical traimng was W E C The results are sigmficant, espeaally 
when account is taken of the concepbon that the lacbc aad present m the 
blood dunng rest has its ongin in the muscles These expenments ap 
pear by contrast to exclude such possible sources for lacbc aad dunng 
the resbng state as the acbvity of the accessory muscles of respuabon, 
sporadic movements of the body commonly observed in subjects lying 
at rest, tetanic spasms, etc. An unbamed subject may by exerase in 
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crease his metabolic rate four or fn^c times wnthout altering Ins WcKxi 
lactic acid The duration of the v.alkinp tests v. as adequate to permit an 
c\cn distnbution of lactic aad throughout the bod\ and thus raise the 
lc\cl of lactic acid in the blood if an oicrflou* had occurred from the ex- 
erased muscles The e\ idcncc suggests that rcs> nthcsis or rcmo\ al of 
lactic aad had kept pace v,ith its production 

DISCUSSION* 

From tlie data gi\en abo\e it is dear that lactic acid concentration 
in resting man is, rclatixely speaking, stable, and is not greatk influenced 
bv mechanisms formerly considered operatixe The only circumstance 
found in tins study in which the normal resting Ie\el of lactic acid is 
disturbed is that of voluntary' over-breathing This fact gains in signifi- 
cance because the expenmental conditions inxoKed were the onl> 
ones in which there was any voluntary interference with normal rcgula- 
tor>' mechanisms of the body Eggleton and E\ans (4) stress the impor- 
tance of axoiding over- ventilation m experiments in which \ariations in 
the lactic acid content of the blood are being studied In man there is 
c\*idence on ever>' hand that spontaneous breathing is capable of reacting 
to changes occumng in the internal enxnronment in a manner to prexent 
shifts of state mimical to the organism until extreme conditions are met 

Early expenments of Macleod and Hoox'er (15) showed that lactic 
acid w'as increased in the blood w’hen alkaline-dextrose solutions were 
given intravenously No increase in lactic aad occurred when dextrose 
was injected in aad solution The animals were anesthetized and had 
the vena cat a and portal vein exposed In view* of these results RIacIeod 
and Ivnapp (Ih) suggested that lactic aad may act as an acid reserve use- 
ful in counteracting alkalosis They found that intravenous injections of 
solutions of sodium carbonate and sodium bicarbonate in rabbits and 
dogs caused an increased output of lactic aad in the unne, and that 
this might occur without change in the pH of the blood The same result 
was obtained when alkali was fed to two cats and three normal men 
Jervell (12) found that ingestion of bicarbonate bj seven patients was 
followed by a decrease in concentration of lactic aad in the blood of fiv c 
of the subjects In another senes of observations made on the urine of 
other subjects he found increased excretion of lactic aad following bi- 
carbonate ingestion 

In order to determine the extent of v'anations in lactic aad concen- 
tration that may be induced In a normal dog after bicarbonate adminis- 
tration the following experiment was done A mongrel dog weighing 
13 kilograms was given sodium bicarbonate in 10 per cent solution, bj 
means of a stomach tube as indicated in Table VII In all, S4S cc of 
bicarbonate solution were given m the course of three and onc-half hours 
Dunng this time approximatelv 300 cc were vomited and two fluid 
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TABLE Vn 


Response of a dot to alkali admtntslralton 
(NaSCOi tioen in 10 cent solution by stomach tube Weitht of do[ 13 him ) 





Obeervatloiu on TeooQt Uood 










Inctlc 

odd 

blood 

M 

drown 

Time 

RemoTt:* 

temper 

Atctre 

HbOt j 
capac* ' 
ity 

CO, 

con 

tent 

line 

Tttem 

pCOi of 

M 

dmwn 

pH«of 

bkiod 

u 

dnwn 

pH, of 
blood at 
PCOj. 
40 mm. 


1 

F 

tot. 1 
•■ui 1 

ffof. 1 

1 

tof- 1 

••ux 

ttiw. 

Hx ' 



mpn, 

iSocu 




ptTCenl 

P*rctni 

■p*rctnl 



IZKKIM 
12-05 P M 

100 cc. alkali 

101 8 

215 

43 8 

39 2 

50 2 

7 25 

731 

17 4 

12 18 PM 

125 cc. alkali 









12 20 P M 
12^ PM 

60 cc. vomitu* 1 

1019 

1 

22 0 ' 

486 

45 2 

471 

733 

738 

243 

12 45 P M 


1023 

22 5 

53 9 

50 4 

47 6 

738 

744 

203 

1-01 PM 

125 cc. alkali 




1 

1 




1 10 PM 

1 23PM 

SO cc. vomltiiB i 

1023 

22 8 

63 7 

1 

56 9 

54 0 

740 

730 

223 

137 PM 

125 cc, alkali 






1 



143PM 

25 cc, vomitufl 









134PM 

Fluid stool 









2 10 PM 

125 cc. alkali 









2 15 PM 

2 20 PM 

25 cc. vomltus 

101 9 

261 

683 

58 4 

57 0 

7 42 

732 

336 

238 PM 

128 cc alkali 






1 



3-02 PM 

125 cc. vomitus 









3 14 PM 
335 PM 

120 cc. alkali 

, 1017 

1 

26 4 

69 4 

630 

513 

7 48 

7 56 

431 

3 48PM 
335 PM 

Fluid stool 

100 8 

28 2 
1 

69 8 

57 8 

610 

7 40 

1 733 

47 4 


stools were passed For the last hour the aiuraal appeared sick and was 
unwilling to stand By the following morning he was apparently in 
normal condition The initial resting value for lactic acid, 17 4 mgm , was 
somewhat high and showed comfiaratively Uttle tendency to change 
after the ammal had had 35 grams of bicarbonate, equivalent to three 
times the dose given to normal men as noted m Table I The shift in 
pH, toward the alkalme side dunng this time was about 0 2 Subse 
quently, as more alkah was given, lactic aad contentrabon increased 
rapidly There was Uttle further change m pH. or in COi content of the 
blood The condition of the animal was no longer good The data 
mdicate that this dog could be subjected to a dose of alkali three times 
greater than that given to a normal man without exhibitmg any great 
change m lactic aad concentrabon, notwithstanding a change in pH, of 
approximately 0 2 

Our data as a whole indicate that the lactate content of the blood is 
not readily altered dunng alkalosis, and we conclude that any mechanism 
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b\ mccnc of b Inch <=ucli an c\ cnt mtcht he hrou;:!n about iv of little v,. ,i,fi 
cance in man, no^-malK or patholo^ticalU 

Moderate aadosi<; produced b\ the u?e of ammonium chloride h \- 
no cfTcct on blood lactic aad In extreme ctate=; of acido^-is follow ini: 
anoxemia, ^uch as those produced in pips b\ Koehler, et al (0) prcit 
increases in lactic acid may occur, but arc of little 'Jicrnificancc in the 
present discus'^ion since they represent but one measurable aspect of the 
dissolution of the whole body 

In anoxemia Maclcod (10) found an incrcace in lactate concentration 
when the respiratory mixture breathed b\ his ancsthctircd animab con- 
tained 4 to 8 per cent of oxygen, the owgen pressures being 'Similar to 
those used by Koehler, et al Maclcod suggested that the excc'^^; of 
lactic acid may be formed to neutralize the excess base resulting from 
blowing ofT of carbon dioxide from the blood We find difficulty in ac- 
cepting such an hypothesis wnthout qualification in xiew' of our rc‘;uUs 
under conditions of anoxemia representing the limit to which normal 
men can be subjected for a period of one hour In these experiments no 
compensatory^ mechanism mxohang lactic acid is exidcnt The data 
suggest that anoxemia in vanous clinical conditions must reach a gra\c 
state to disturb lactic aad concentration in the body In corroboration, 
Jen ell found in short experiments on men, while breathing low oxygen 
mixtures, no increase in lactic acid until the oxygen breathed was re- 
duced to 7 5 per cent A further consideration of this question will bo 
published later 

There appears to be little doubt that lactic acid, m the form’ of a 
salt, IS a normal constituent of blood Some question may be raised ns 
to the exact amount of it in a gixen blood sample, since the method u^cd 
for Its measurement may include sulphite-binding products which result 
from the oxidation of substances other than lactic acid Long (^) 
roughly estimated the amount of lactic acid m blood by the thiophene 
test and compared the values obtained with those given by Clausen’s 
method (16) He concluded that one-half to three-quarters of the 
yaeld given by the latter method was due to lactic acid itself liowevcr, 
the modification of the Clausen method, since introduced by rnedemann, 
Cotomo and Shaffer (17), has reduced the number of interfering sub- 
stances, and according to these authors has made the method more nearly 
speafic for lactic aad As a result, the \alue now- obtained for lactic 
aad in blood during rest is approximately' onc-half that gi\en by the 
Clausen technique Until further work is done we may assume that the 
concentration found for lactic acid by the present method represents this 
substance 

Owing to the impiortance of the role of lactic acid in muscular contrac- 
tion, as indicated in the work of Aleyerhof and Hill (now modified 
actiMty of muscle, whether under working o' resting conditions, is com- 
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inonly regarded as the source of lactic aad in the blood Severe physical 
exercise m untrained men 13 accompanied by a large increase in lactic 
acid concentration, but in the case of teamed individuals the same grade 
of exercise may produce no appreciable change m lactic aad Moderate 
exercise, as our experiments and those of Owles (19) show, may be earned 
on with little or no alteration in blood laebe aad Whether or not lactic 
aad concentration in blood inaeases under given conditions of exerase 
depends not only upon rm adequate oxygen supply but presumably also 
upon the speed of its production 

If moderate muscular exercise in untrained men can be executed 
without appreaable change in the level of blood lactic aad, it appears 
improbable that the lactic aad formed during resting states has its 
ongin only in muscle metabohsm The r61e now assigned to lactic aad in 
muscle activity (18) has no beanng on the subject. Taking into account 
the relative stabihty of lactic aad concentration durmg rest, it seems 
better not to attempt a speafic explanation but to go no further than to 
regard this phenomenon as a part of the general process of metabolism as a 
whole We suggest, for example, that it may be a split product in the 
oxidation of carbohydrate, mobilized for the maintenance of general 
body needs Much work with reference to glucose oxidation must be 
done before the question can be settled Of the lactic aad present in the 
blood of a restmg subject a small portion may come from muscle activity, 
the rest presumably from the activity of the central nervous system, 
various glandular activities, etc It seems logical to suppose that the 
ability to reconvert lactic aad to its precursor may vary greatly at the 
seat of Its formation, just as the rate of utilization of oxygen may vary 
from organ to organ m the body The problem remams for study along 
hnes diffenng from those suggested in the past An excellent review of 
the hterature concermng lactic aad has been published recently by 
Himwich (20) 

SUMMARY 

It has been shown that lactic aad concentration in the blood of a rest 
ing man is not related simply to shifts in hydrogen ion concentration 
Anoxerma is not accompanied by increasing amounts of lactic aad until 
extreme conditions are met Evidence is given indicating that of the 
total lactic aad found m the blood under resbng conditions, only a part 
may onginate from muscle activity No definite evidence is at hand 
to indicate the source of the remainder, but it is suggested that it may be 
a split product of carbohydrate mobilized for the maintenance of the 
general metabolism of the body 
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The status of the circulatory system in obesity has been the subject of 
considerable interest, study, and conjecture for many years Laennec 

(1) mentioned the “fatty heart” as an anatomic condition, while Stokes 

(2) thought he could recognise it climcally In more recent years chief 
interest has centered on the pathologic physiology of the condition and 
the clinical conception of the fatty heart as such has, for all practical 
purposes, passed into discard It is recognised that symptoms which 
may he taken as evidence of cardiac msuffiaency may manifest themselves 
m obesity where the pathological changes found m the arculatory system 
seem hardly commensurate with these symptoms Many have consid 
ered the primary disturbance in these cases to be in the heart, and Hirsch 

(3) , who showed that the muscle mass of the heart is relatively small 
for the weight of the obese patient, looked upon this disproportion as an 
important factor m the relative ineffiaency of the heart in obesity, 
Romberg (4) also holds this view The mechanical disturbances pro 
duced by the thick epicardial fat layer as well as by the height of the 
diaphragm with subsequent transverse displacement of the heart are 
also considered as significant hmdrances to satisfactory cardiac function 
At any rate, the condition of the circulatory system is a subject of pnme 
importance m obesity and in most cases the prognosis of the disease is 
chiefly dependent upon it Following the monograph of Eppmger, 
Kisch, and Schwarz (S), m which such an intimate mter-relationship was 
suggested between circulatory and metabolic disturbances, an attempt 
was made to find in the metabohc abnorraahties of obesity factors which 
might explam its circulatory maladjustments As (Sroscurth (6) notes, 
arculatory diseases are responsible sooner or later for disturbances in 
metabohsm, and vice versa. 

In the present study an attempt was made to analyze through a 
many sided study of the circulatory system the factors responsible for 
the picture of so-called relative cardiac msuffiaency in obesity Are 
the symptoms due purely to mechamcal disturbances, are they due to 
some mtnnsic weakness of the heart, or are they due to metabohc ab- 
normahties? 
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It ‘=ccmc(I lliai a •^aimfartnry waj to stufly the circulation m obese 
patients would lie to observe the cfTccl of measured exercise under 
rarcfullx defined ronditinns on xarious phases of the circulation, and to 
coinfinrc these results with the results obtained under similar conditions 
in a proup of norm.il ik opk 

1 hrcc obese jntients were compared with three normal persons TJic 
results in the thn e r.mts of o1hsh\ ere so consistent that it was thought 
much inori would not lie paiiud In siu<l\inp a harper group of similar 
c is( , ,\ fourth norm il ptr^on was stuflierl who was of such sire that 

his noinial wiiflu .ipproxun itnl that of oru, of the obese patients The 
obese puitut‘ ( xlubitcd l){\ond simple obisitv no almormahties which 
could m inj wa\ be a oriitcd with the circtilalon. sestem 

1 ht t I (s W(r< tudterl m the Mttiui' and st uKlttig resting positions, 
during and afti r t '( rci e 'I he t xereet « on- isted of wallang on a tread- 
mill and was of sueh a ehararter n. to l>e most tepiral of the exercise 
which a fat per /m would In.* Id eh tr* perform iti the routine of his dnilj 
life It w IS abo -eleeteel i . a suitable form of e xert i e Ikc iiuc so man\ 
nui ( le of tin brah wire put to ti t I lu exereio w.a in nown\ severe, 
‘o tb It the* (iroblerit of t xli.uistion w is excludeel 

We- irbur.irilv -eleeted for studv the following phases connected 
direeth or indireetlv with the eiriulatorv ‘Vstem of the blooet \ uni 
ci|»a(Ut, re pirato*'^ niiutite volunii, re jur 110*7 rate, oxv gen eorisunip- 
tion, re pir.uorv epiotunl, arti novciious oxvjen ditu rente, carthac out- 
inii, pube riti, strol t volume, blooi! pre-sure, hctie .lead and other 
liloexl eh U4< 

*'f ritoo 

T lu « xperw.u-iili * tuf alt doiu- in llie fo'Tiso ui after at bast twelve hours 
(a'tinv out iftir oiu f df fiour of r»st in a seuu r-clinmi. go uton m a com- 
fort ihli cii iir I he i vgr'inu Ills on the obe-ie jniieius w eri gerfornud biforc 
reduction dut \ »is fiiltv t".t dih-heil On tlu d iv lufori exgirimtius were to 
bt ptrfornud, a gintral imxetl diet of aggrovimatilv 2^1)0 t ilu’^us was gum 
\o attempt V IS mult 10 indv/e tin v\o’'t gttfo'-med in I dogram nutirs, but 
the imoiim of ivtrn-e » -u rrgiil itrd bv fixing llu treadmill at a ctriam mini- 
her of n volutions jier nunnte ro th u lach iianent wall id tvactU the same 
distanct in ‘tvtn nunitte-- Seim imniiies 11 is coiuiderid siifiicicnt time to 
allov tlu o\^^.<n ctMisumgtioii to reith n "sttadj utato” (7 and S) \ll the 
indivufud- siiidiid pirformed the txerci-i at least four times before the c\- 
periimnts v.tri varritd out, and the txperinunts wtri in Lvir> case repeated 
\fttr this training *1 gracUiid tiignilicuu deereisi m oxv gen consumption was 
not obstrveil wlitn tlu experiments were rept ited I he short period of train- 
ing (performing the vi ill ing exircut on -I succtssue davs before tbo cxpiri- 
mcnis win btgiin), wliieli we uisutiiiid, was npji irentl> suiTicient to control 
to a satififnctor^ digrti tbi iraimiu f.ictorintlu mdd exercise wlncli we studied 
1 he evpt rinu ills w< n carrii d out as follows 1 he jiaiient, seated in a com 
fortabic chair on tlu treadmill, brt Ulud into a 12') littr spirometer for 10 
minutes The (‘xpired air collected in these 10 minutes was nnaljzcd to esti- 
mate the basal values for oxv gen consiiniption and CO- output 1 he chair 
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was then removed and as soon as the patient was comfortably erect the tread 
mill was set into motion at a speed of 66 7 meters per minute The change 
from sitting to standing position was made without detaching the mouthpiece 
The expired air dunng the first two minutes of the exerase was not collected, 
but the 3rd and 4th, 5th and 6th, and 7th minute samples were collected sep- 
arately by switching the expired air alternately from one spirometer to another 
At the end of the 7 minutes the treadmill was stopped the chair was replaced 
and the patient sat comfortably for 40 minutes, dunng which time all the 
expired air was collected at intervals of 5 and 10 minutes All the expired air 
samples were analyzed in a Haldane apparatus for Oj and CO 3 (It was found 
that the increased oxygen consumption in rest resulting from the previous 
exerase actually did not extend beyond 20 minutes into the resting penod ) 
The expired air dunng the first minute following exerase was not obtained so 
that the oxygen debt" figures m all cases do not include this minute Dunng 
this minute the blood samples were collected 

The output of blood from the heart was determined on another day The 
value for the cardiac output was obtained in standing at rest, dunng exerase 
(at the end of 7th minute), and 4 minutes after the walking In the measure 
ment of the cardiac output dunng exercise a three way valve was used so that 
It was not necessary to change the mouthpiece in switclung from the spirometer 
to the gas mixture in the balloon At rest the 2 acetylene samples were col 
lected at the ISth and 20th seconds, In exerase at the 12th and 16th seconds 
The expired air and the acetylene mixtures were analyzed in a Haldane appa 
ratus to which had been added a third absorber for acetylene The values for 
cardiac output were obtained using the thoroughly reliable acetylene method, 
as desenbed by Marshall and GroUraan (9) and by Grollraan (10) 

Samples of venous blood were collected at rest and immediately following 
exerase In two cases artenal blood was collected before and after exerdse 
The changes in pH COi tension (pCOi) and COj content of the artenal sam 
pies were noted. The COi content of the artenal blood was measured according 
to the method of Van Slyke and Stadie (11), the pH according to Hastings 
and Sendroy (12), and the pCOj according to the formula as given by Austin 
etal (13) Lactic aad values were measured in the venous blood by the method 
of Hirsch Kaufmann (14), as modified by Lehnartz (15) 

By means of the desenbed expenraents we observed how the arculatory 
response in an obese person differed from that m a normal person when each 
walked 467 meters In 7 minutes at a steady pace This difference in response 
could, of course be considered as due entii^y to the extra waght of the obese 
person, and the disturbances which this extra weight produced As mentioned 
above, we had available for study one subject of normal development, rather 
muscular, and of such size that his weight which was normal for his sue, was 
exactly the same as the weight of one of the obese subjects (case 3) These 
two were also of approximately the same age (29 and 31) , one was a male and 
the other a female In these two patients we may assume that the quantity 
of work performed by each in the walking test was approximately the same. 
Any marked differences in the arculatory and metabolic responses might be 
considered as due to superfluous fat. 

The essential facts concerning the cases of obesity studied are briefly given 
PROTOCOLS 

Case 1 F S , a male, was 48 years of age, weighed 104 kgm , and was 166 
cm in height. His chief complaint was his extra weight. The patient had 
occasional palpitation when walking very fast. He suffered from slight edema 

51 
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about the ankles in the evenings when he had been on his feet a great deal 
dunng the day He complained of moderate dyspnea on exertion, espeaally 
when he attempted to blow his horn while marckng with a band He had 
also noticed increased dyspnea which was defimtely related to increasing waght 
His mother, two brothers, and three sisters were “very fat” He had been 
moderately stout (80-85 kilos) for some fifteen years until five years ago when 
he began gaming considerable weight He had gained about 25 kilograms in 
the past five years This gain was associated with a change in living condi- 
tions, at which time there was a defimte increase in food consumption, par- 
ticularly in foods of high fat content 

The fat was symmetrically distnbuted There was nothing to suggest a 
so-called “endogenous obesity” The heart was not enlarged to percussion 
There were no murmurs The second aortic tone was equal in intensity to 
the second pulmonic, the rhythm was regular, the blood pressure was systolic 
130, diastolic 85 The pulse rate over a period of a few weeks was usually 80 
There was no edema, the liver was not enlarged, the lungs were clear Roent- 
genogram showed a transversely placed heart with a high diaphragm, which 
was freely movable The heart was of normal size The basal metabohsm 
Wcis normal, and the Wasserman reaction was negative 

Cose S KB was a male, aged 28 years, weighing 96 5 kgm His height 
was 163 cm He complained of obesity, palpitation, nervousness, and dyspnea 
on exertion He feared heart trouble His mother was obese The patient 
had been only slightly above average weight since childhood, and the rapid 
increase in weight had come only in the past six months, dunng which time 
he thought he had gained some 10 to 15 kilograms He had always had an 
extremely good appetite but gave no satisfactory history as to food intake in 
connection with the recent gam m weight The patient was very nervous, 
easily upset, and frequently trembled all over 

In this case too the fat was symmetncally distnbuted and there were no 
signs suggestive of endocnne disturbance The patient had masculine tncho- 
sis There was no disturbance in water metabohsm The heart exhibited no 
abnormalities on physical examination The blood pressure was systolic 140, 
diastolic 95 There was no edema The x-ray examination showed a freely 
movable, high diaphragm, and a heart of normal size which was transversely 
placed Electrocardiogram showed only a left axis deviation, of the type con- 
sidered as being due to position change (16) The basal metabohsm was nor- 
mal The Wassermann test, blood-film pictures, and unnalysis were negative 
Case S E W was a female, 31 years of age, who weighed 88 kgm , and 
was 158 cm m height She complained of headaches, palpitation, dyspnea 
on exertion, general nervousness, weakness, and easy fatiguabihty Her mother 
weighed over 100 kilograms At 14 the patient weighed 46 kilograms, but at 
21 she began to grow stout Her weight gradually increased In the past 
4 years, since her marriage, there had been a more rapid increase m weight, 
especially m the face and body Her forearms and legs were always free from 
excessive fat The patient said that her appetite was not particularly good, 
but that she took a large amount of fluids, espeaally beer Palpitation, 
dyspnea, and fatiguabihty had gradually increased with increase in waght 
The general nervousness, irritability, and headaches seemed definitely assoa- 
ated with a sexual neurosis No edema was found Menstrual periods were 
regular but always slight The patient had never been pregnant 

The forearms, hands, legs, and feet were relatively free from fat She had 
a fat face, thick fat neck, very large breasts and abdomen The skin was not 
unusual The fundus and visual fields were normal The thjToid was not 
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enlarged The heart was not enlarged on percussion No accentuations or 
murmurs were found The blood pressure was systolic 122, diastolic 84 
There was evidence of hypoplasia of the internal genitalia X-ray examination 
showed a high diaphragm with transversely placed heart of normal size There 
were no abnormalities about the sella turaca The blood picture and sedi- 
mentation rate were normal The glucose tolerance test was normal The 
basal metabolism was within normal limits Electrocardiogram showed only 
a left axis deviation of the type associated with transverse displacement of 
the heart (16) 

Vital capacities 

The vital capacities in the cases of obesity were distinctly below normal 
Using West’s (17) formula, we found that the average vital capacity in the 
three cases of obesity was 25 per cent below normal when calculated ac- 
cording to height standards, and 52 per cent below normal when the 
surface area standeirds were used When the corrections which Pratt 
(18) gives for the values of West were made, the percentage below normal 
according to surface area standards was not quite so great 

In the normal cases these respective values were 9 per cent and 2 per 
cent The averages are used here and will be used throughout this report 
for the purpose of companng the 2 groups when they fairly represent 
what occurs in the individual cases 

Respiratory minute volume 

The respiratory minute volumes at rest showed no significant differ- 
ences in the two groups Dunng exerase, on the other hand, these 
respiratory minute volumes were increased to a greater extent in the 
obese persons This increase was least marked in the obese patient 
E W whose response was comparable to that of the large normal person 
H A The average respiratory nunute volume m the obese patients 
dunng exercise was 28 1 liters, in the normal people, 16 6 liters This 
may be expected as a result of the difference in respiratory rates If the 
"dead space” be taken as roundly eqmvalent to 200 cc , then a person 
who breathes 32 times a minute mto the spirometer is expinng 6 4 liters 
of air which has not come in contact with the blood , while a person who 
breathes only 18 times a minute is expiring only 3 6 liters of unused air 
The individual with the increased respu-atory rate would reqmre then 
for the same alveolar ventilation 2 8 liters of air more in a minute than 
the individual with the slower respiratory rate The greater respiratory 
volumes m the obese cases may thus be assoaated with the differences in 
respiratory rates which were observed At rest, the differences in respir- 
atory rates were so small as to have no significant effect 

Respiratory rates 

The respiratory rates showed distinct differences in the two groups 
The respiratory rates in the sitting position in the obese patients were 
11, 16, and 18, with an average of 15, and in the normal cases the rates 
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were 12, 14, 10, and 12, with an a\eraEe of 12 It is of interest to note 
that whereas in the normal cases the respiratory rates were unchanged 
m the Bitting and standmg positions or showed only occasional slight 
increase on standmg, in the obese persons the respiratory rates usually 
showed a definite slight decrease in the standmg position This is most 
likely due to the dimmution of the upward mtra abdonunal pressure on 
the diaphragm m the standing position, thus allowing somewhat more 
freedom for lung excursions The average respiratory rate durmg exer- 
ase m the obese patients was 30 per minute, in the normal cases 17 This 
difference cannot be attributed to the differences m work In one normal 
person the work was increased (walking faster) to the pomt where his 
oxygen consumption approximated that of the obese patients Even 
with this increase m work, the respiratory rate was only 18 per rmnute 

Oxygen consumpHm 

The oxygen consumption at rest was slightly greater m the cases 
of obesity than m the normal cases, but per square meter surface area 
it was approximately the same During exercise, however, the oxygen 
consumption was distmctly greater in the cases of obesity 

Considering simply the oxygen consumptions at rest and dunng 
exerase, we find that whereas the average oxygen consumption per 
square meter surface area at rest in the cases of obesity was 1 48 liter and 
in the normal case 1 31 liter (difference of 12 68 per cent), it was 7 07 
liters in the obese cases m exercise and only 4 42 liters m the normal 
cases (difference of 60 per cent) When the percentage increase m 
oxygen consumption m exercise oi’er the restmg state is calculated m the 
two groups, we find that the obese people showed an oxygen percentage 
maease in exerase of 490 per cent, the normals of 340 per cent, a differ 
ence of ISO per cent , calculated according to square meter surface area the 
mcrease m the obese cases was 480 per cent, in the normal cases 340 per 
cent, a difference of 140 per cent 

This greater oxygen consumption is more than can be accounted for 
simply by the greater work associated with the extra weight or the higher 
respiratory rates The average weight of the obese cases was 27 per cent 
more than the normals the average total oxygen consumpbon during 
exercise 66 per cent greater and when calculated accordmg to surface 
area, 60 per cent greater It is pracUcally impossible to esbmate just 
how much more oxygen was reqmred for the greater number of respiratory 
movements m the obese pabents (19) but it is hardly hkely that this was 
considerable, smce the breathing was relabvely shallow and not forced 
In comparing the normal case with the case of obesity of the same waght 
and approximately the same age, we find the normal case with an oxygen 
consumpbon m exerase of 4 5 liters per square meter surface area, the 
obese case 6 1 liters, a difference of 33 per cent While the difference in 
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sex may account for some of this difference, its chief cause must un- 
doubtedly be attnbuted to obesity 

Hill, Long and Lupton (8) define the oxygen requirement of any given 
exerase as the total oxygen used dunng the exercise and m complete 
recovery from it, m excess of the resting level In the obese cases this 
oxygen requirement was distinctly greater than in the normal individuals, 
averaging 6 37 liters in the obese, and 3 05 liters in the normals In the 
obese and normal cases of the same weight the values were 4 81 liters and 
3 06 liters respectively 

The oxygen debt in the sense in which Hill, Long and Lupton (8) use 
the word is deterrmned by measunng the total oxygen used in the recovery 
penod, starting from the end of exerase, and subtractmg the oxygen 
which would have been used in the same penod had the body remained 
throughout at rest It is assumed that the recovery penod in question 
IS suffiaently long to allow a complete return to the resting condition 
This represents simply the extent to which the oxygen mtake fails to meet 
the oxygen requirement dunng exerase, the body thus going into “debt ” 
The oxygen debt may then be taken simply as the difference between 
oxygen intake and reqmrement The oxygen debts in the obese cases 
were definitely higher than in the normal persons The average value 
in the obese was 0 73 liter, in the normal cases 0 48 liter In the obese 
and normal cases of the same weight the values were 0 80 liter and 0 35 
hter respectively 

Respiratory gtiohents 

Considerable caution must be exercised in evaluating the respiratory 
quotients in a study such as this because of their variability, with even 
slight irregularities in breathmg A particular attempt was made to 
control this factor In recent years the numerous studies dealing with 
the metabolism of glucose and insulin have served to emphasize the many 
factors which must be considered m a study of the respiratory quotient 
(20) The changes which we observed, since they were more or less 
constant, may be mentioned The respiratory quotients showed a slight 
tendency to nse dunng exerase in almost every case, with usually shghtly 
greater nses m the obese individuals, assoaated with the greater exertion 
in the walking Among others Hill, Long and Lupton (21) have shown 
that such slight increases in respiratory quotient take place dunng walking 
experiments 

Arteriovenous difference and cardiac output 

In a study of cardiac output in exerase with the acetylene method, 
the question of applicability immediately anses Baumann and Grollman 
(22) emphasized the fact that m cases in which the cardiac output is 
greater than 10 liters per minute, the method is not entirely satisfactory 
The difficulty is due to the fact that m the imnimum length of time 
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necessary for a satisfactory mixture (alveolar sample) to be obtamed by 
rebreathmg m the lung bag system, enough blood has returned to the nght 
heart after a complete cycle to introduce an appreaable error m the 
artenovenouB difference when the heart output is greater than 10 hters 
per minute In a study m which samples from the lung bag system 
(mixture of acetylene, oxygen, and air) and from the arterial blood were 
taken simultaneously and analyzed for acetylene content, Grollman, 
Proger, and Dennig (23) found that even m rapid rebreathmg following 
severe exerase, true alveolar samples were not obtamed m less than 10 
seconds in carrymg out the acetylene procedure In the present study 
the first sample m the exerase studies was taken at 12 seconds, so that 
satisfactory mixture was assured, the second sample was taken at lS-16 
seconds On the basis of the work of Baumann and Grollman (22), m 
which the nght auncle m human beings was punctured m vivo, to learn 
among other thmgs how much and how qmckly acetylene returned 
to the nght heart dunng rebreathmg, we may assume that m the cases 
here recorded, m which dunng exerase the duration of rebreathmg was 
15-16 seconds, and in which the mmute volumes vaned between 10 and 
12 hters, approximately 10 per cent acetylene returned to the nght heart 
This would indicate that the artenovenous oxygen differences obtamed 
are about 10 per cent too high Assuming that there were no balancmg 
factors, all the mmute volumes m exerase may therefore be considered 
as approximately 10 per cent too low (A-V difference is 10 per cent too 

high and M V «= ^ Dunng rebreathmg relatively less 

oxygen is taken up by the blood (quick mcrease in blood volume m the 
lungs before the oxygen consumption can be changed sigmficantly) and 
this relatively smaller oxygen mtake, in the blood returning to the nght 
heart, increases the values for the cardiac output. This then serves as a 
balanang factor so that the error is m reahty less than 10 per cent. As 
a matter of fact, m calculating mmute volumes by the acetylene method 
and comparing them with mmute volumes obtained by the Pick pnnaple 
through direct cardiac punctures in man, Baumann and Grollman (22) 
found, in the one case in which the mmute volume exceeded 10 liters 
(118 hters), that the two values corresponded almost exactly They 
suggested that the two sources of error above mentioned probably bal 
anc^ each other in this case In any event, m the cases presented here, 
although the likehhood is that the error is considerably less than 10 per 
cent, we may assume a maximum possible error of 10 per cent in the 
cardiac output during exerase Smce this error was always m the same 
direction, the relative values remain unchanged Should the errors 
have occurred only m the higher nunute volumes (obese patients) the 
conclusions that are drawn below would not be altered, evidenced by the 
fact that an error could only lower the mmute volume 
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The artenovenous oxygen differences at rest in the obese cases were 
slightly higher than m the normal ones, the average being 85 cc oxygen 
per 1000 cc blood in the obese as compared with 74 cc in the normal 
persons Comparing the artenovenous oxygen differences at rest and 
dunng exerase in the three normal individuals (excluding the large nor- 
mal person) and in the three obese cases, we find that the artenovenous 
oxygen differences increased relatively more m the obese cases , in the obese 
cases, the average of 85 cc increased to 107 cc , and m the normal ones 
from 74 cc to 84 cc This might at first glance be taken to indicate a 
less efficient cardiac response on the part of the obese people As shown 
by Dennig and Proger (24), and Bansi and GroscurA (25) cases with 
cardiac decompensation differ from normal cases in their response to 
exercise by showing a relatively greater increase m the artenovenous 
oxygen difference Since the consumption of oxygen during exerase in 
the obese people was, however, so much greater, and since the work per- 
formed by them was unquestionably more than that performed by the 
normal mdividuals, conclusions can not justifiably be drawn simply from 
a companson of the responses of the artenovenous oxygen differences 
When the exercise was mcreased in the case of one of the normal men to 
the extent that his oxygen consumption during exercise increased approx- 
imately as much over the restmg level as m the obese cases, it was found 
that the response in the artenovenous oxygen difference corresponded to 
that seen in the obese cases In this case the artenovenous oxygen differ- 
ence increased from 65 cc to 90 cc In the normal large person who, in 
carrying out the exercise, performed approximately the same work as the 
obese people, the response in the artenovenous oxygen difference dunng 
exercise was as in the obese cases, gomg from 75 cc per liter of blood at 
rest to 101 cc dunng exercise We find then that the arteriovenous 
oxygen differences in exercise in the obese people are essentially normal 
It was thought wise to regard measurements of minute volumes m the 
standing position as basal values in this study chiefly because satisfactory 
mixing in the lung-bag system is much more difficult to obtain in the 
obese cases in the sitting position The work of Grollman (26) indicates 
that the minute volume does not differ essentially in the two positions 
The average value for the nunute volume m the normal cases in the 
standing restmg position was 3 7 liters In the obese cases it was the 
same, 3 7 liters The nunute volumes per square meter surface area in 
the obese cases were slightly lower than in the normals (1 85 liter per 
square meter surface area in the obese and 1 93 liter in normals) 

It follows from what has just been stated in regard to the arteno- 
venous oxygen differences that the minute volume in the obese people 

7 TV 'c T Os consumption ^ 
also showed a normal response to exerase I M V — y difference / 

Thus if the artenovenous oxygen differences increase normally in relation 
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to the oxygen consumptions, as was the case m the obese patients, the 
minute volumes must also mcrease normally Since the artenovenous 
oxygen difference m all cases mcreased perceptibly dunng exercise, the 
mmute volumes did not nse as a simple Imear function of the oxygen 
absorption We find, in agreement with Grollman (27), that the canfiac 
output even m light exercise is not a simple Imear function of the oxygen 
consumption The output of the heart dunng exerase in the obese 
cases was therefore normal, or rather, responded as it did m the normal 
cases At the end of 4 minutes the cardiac outputs had returned practi- 
cally to resting levels m all cases 

Pulse rale 

The standmg resting pulse rate was found to be higher in the obese 
cases, being 98, 84, and 80 respectively, than in the normal cases, where 
they were 70, 78, 82, and 74 In exerase the rates increased in the obese 
cases to 132, 108, and 90 respectively , in the normals, to 84, 90, 108, and 
80 In this instance, a consideration of the average pulse rate m exerase 
IB misleadmg because m only one of the three cases of obesity did the 
pulse rate mcrease markedly durmg exercise In the other two cases the 
increase in pulse rate was similar to that in the normal cases 

Stroke volume 

The average stroke volume of cardiac output was essentially the same 
m the two groups during rest (obese cases 43 2 cc , normals 46 9 cc ) and 
dunng exerase (obese cases 108 cc , normals 112 cc.) Even the obese 
case which showed such a marked increase in pulse rate dunng exerase 
had a stroke volume of 86 cc while walkmg 

Blood pressure 

The blood pressure changes m exetase were remarkably constant and 
similar m all cases studied, obese and normal ahke The systolic pres- 
sure was observed to mcrease slightly dunng exerase while the diastolic 
pressure remained practically fixed This is in agreement with the find 
mgs of Bansi and Groscurth (25), and mdicates a rather fine quantitabve 
adjustment between mcreased cardiac output and wideiung of the pen 
pheral vascular bed smce the resistance agamst which the heart has to 
work m order to open the aortic valves remains constant durmg rest and 
mild exercise 

Lactic acid and other blood changes 

Lichtwitz (28) many years ago found that the lactic aad content of 
the blood in cases of obesity reached a higher level after exerase than m 
normal cases Kugelmann (29), m a study of obese people with no signs 
of arculatory abnormalities, likewise found higher lactic aad values in 
obese cases as compared with normal ones after light exerase In the 
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two obese cases in this study in which the lactic aad values were obtained 
before and immediately after exerase, the values almost doubled , whereas 
in the normal individuals they remained practically unchanged Even 
in the case of the normal person whose work was increased to the point 
where his oxygen consumption corresponded approximately to that of 
the obese persons, and in the case of the large normal person whose 
weight approximated that of the obese individuals, the lactic acid values 
showed no sigmficant changes m exercise 

The CO 2 content, the CO 2 tension (pC02). and the pH of the artenal 
blood were calculated m one of the obese cases and compared with the 
values in one of the normal persons studied Since no changes were 
observed m either case it was considered of no particular advantage to 
make these determinations m every case These results indicate the 
mildness of the exercise studied 

DISCUSSION 

The chief differences between the normal and the obese groups, in 
which there were no demonstrable pathological changes in the arculatory 
system, were found in the vital capaaties, and in the pulse rate, respira- 
tory rate, lactic acid changes in the blood, oxygen consumption, and 
oxygen debt on exercise 

The differences which were observed in the vital capacities agree 
essentially with those which Bowen (30) found in a study of the vital 
capacity in obesity Bowen reported that the vital capacity of obese 
and “overweight” people averages 20 per cent less than normal, when 
the surface area standard is used, and suggests that the tendency to 
dyspnea which is so commonly seen in obese people may be accounted 
for m part by a reduction of the vital capacity In this regard may be 
mentioned our observation that the obese persons showed a slight de- 
crease in respiratory rate when standing, obviously due to freer mobility , 
also that in the one case in which it was attempted, it was impossible in 
the sitting posture to obtain a true alveolar air sample in the lung-bag 
S 5 ^tem in the same time as in the standing position This also is im- 
doubtedly due to the mechanical mterference with respiration in the 
obese patient The diminished vital capaaty in obesity may easily be 
accounted for on the basis of this mechamcal disturbance 

In regard to differences in pulse rate, it is well to keep in mind how 
vanable the pulse rate may be, also how totally independent of any 
pnmary arculatory disturbance The study of the response of the pulse 
rate to exerase is a very unsafe method of estimating cardiac effiaency 
As Mackenzie (31) writes, “in perfectly healthy individuals an mcreased 
rate in response to effort, and the tame which it takes for the rate to re- 
turn to normal, vary with the individual, the reason evidently being that 
the exatabihty of the cells of the sino-auncular node is not a constant 
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factor amongst normal mdividuals ” It is known that m trained athletes, 
the pulse rates at rest and m exerose are slower than m untrained m- 
dividuals (Bambndge, Bock, and Dill (32)) While it is possible that 
these differences m pulse rates may in some way be assoaated with a 
condition of the heart which affects its responsiveness, it does not, how- 
ever, seem justifiable to attribute the tachycardia which is seen in obese 
people to a weakness of the heart. It is possible that purely mechanical 
disturbances (high diaphragm, mcreased fat about the heart, etc.) may 
lead to more rapid and smaller cardiac contractions 

As already mentioned, the mcreased respiratory rate dunng exercise 
in the obese cases apparently was not due simply to the greater oxygen 
consumption, for when the oxygen consumption was mcreased by in- 
creasing the work m one of the normal cases to approximately the same 
level as in the obese cases, the respiratory rate showed no significant change 
The dyspnea which the obese people developed dunng exercise (average 
respiratory rate dunng exercise in the obese cases 30, in the normal cases 
17) cannot have been due to arculatory msuffiaency, for the cardiac 
output was found to be normal There was, furthermore, no evidence 
of a pulmonary affection which could have been responsible. It is also 
hardly likely that the slight mcrease in lactic aad m the blood m the 
obese cases could have brought about this increase m respiratory rate 
Previous experiments on a normal subject (S H P ) m which lactic aad 
mcreases occurred of the same magnitude as those reported here in the 
cases of obesity, showed no such relationship between shght increases 
m the lactic aad of blood, and respiratory rates As a matter of fact, in 
an experiment performed on this subject m which, after severe exercise, 
lactic aad m the blood increased from 8 mgm to 104 mgm per 100 cc., 
the respiratory rate rose only to 36 per mmute, which is just shghtly 
more than the rate observed in the cases of obesity durmg mild exerase 
Expenments m which evidence was presented to support the theory that 
dyspnea was due to chemical changes withm the bram (33, 34), such as 
mcreased production of lactic aad, are based on conditions of asphyxia or 
marked hypo oxygenation of the arterial blood — conditions which did not 
obtam in the cases presented in this study It is safe to exclude the chem- 
ical changes m the blood as a significant factor m the production of 
dyspnea Bansi, Groscurth, and Weigel (35), attnbute dyspnea m 
obeaty to some inherent mability to excrete COj There results a pihng 
up of COj, which acts as a respiratory stimulant and is responsible for the 
mcreased respuatory rate If this were true, we should expect to find 
relatively lower respiratory quotients m the cases of obesity dunng va 
nous stages of exercise This we did not observe. 

An analysis of the respiratory rates and respiratory mmute volumes 
dunng exerase reveals the fact that the tidal flow is approximately the 
same m the two groups studied, that, although the rates vary so greatly 
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there is approximately one lit6r expired with each breath in both groups 
of cases It would appear then that although obese individuals breathe 
more rapidly than do normal people, they breathe 3 ust as deeply It must 
be realized, however, that with an increase in respiratory rate, there is nor- 
mally an increase in the depth of breathing so that a person who breathes 
30 times a minute would normally be expected to have a greater tidal 
flow than a person who breathes only 17 times a minute Thus when one 
of the subjects (S H P ) increased his exercise to such an extent that he 
was breathing 28 times a imnute, his respiratory minute volume was 53 
liters, and his tidal volume about 2 liters or about twice as great as it was 
when the exerase was such that he breathed only 18 times a minute as in 
the present study The obese persons may, therefore, be considered to 
have distinctly low tidal volumes Despite indications to the contrary, 
their breathing is definitely shallow, a fact which must be associated with 
the lowered vital capacities 

Since rapid, shallow breathing in the obese cases cannot be explained 
on the basis of pnmary disturbances in the circulation, lungs, or consti- 
tuents in the blood, we are left with the assumption that it must be due 
to mechanical interference with respiration as a result of obesity It is 
apparently easier for the obese person to take shallow breaths and more 
of them than to force the abdominal contents downward to any great 
extent with each inspiration 

The greater values of lactic acid m the blood in the obese cases during 
exerase are of interest because, in the absence of liver damage, they 
suggest arculatory insuffiaency Dresel and Himmelweit (36) found, 
as did Meakins and Long (37) earlier, that patients with cardiac insuffi- 
ciency have definitely more lactic aad m the blood after exerase and that 
the lactic acid values return much more slowly to resting values than in 
normal people Theoretically the muscle in cases of cardiac insuffiaency 
IS not able suffiaently to resynthesize or oxidize lactic aad resulting from 
the anoxybiotic breakdown of glycogen Dresel and Himmelweit think 
that their method avoids the influence of the liver as a disturbing factor 
m thar results, and also avoids the comphcation of training as a factor 
Eppinger, Kisch, and Schwarz (5), and Meakins and Long (37) also found 
that after exercise the lactic acid values returned much more slowly to 
normal in cases of cardiac insufficiency than in cases with no damage 
of the heart While one can no longer assume such direct and simple 
relationships between lactic aad metabolism and cardiac msuffiaency as 
Eppinger, Kisch and Schwarz (5) do in thar monograph, still it is true 
that the comparatively high values of lactic aad which we found in obese 
cases after exerase inicate defimte chemical disturbances in the muscle, 
which may presumably be assoaated with cardiac insufficiency 

B Kugelmann (29) used the technique described by Dresel and 
Himmelwat in a study of obese persons who, except for obesity, were 
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m every respect normal They obtained values for lactic acid which 
corresponded to the values found by Dresel and Himmelweit in cases with 
cardiac insufRaency These increased lactic aad values Kugelmann 
also found m normal people who for two days before the experiment had 
been on a carbohydrate-free and protein poor diet — m other words, in 
whom the glycogen deposits in the body had been matenally dimmished 
Kugelmann presents evidence to show that there is relative insuffiaency 
m the glycogen depots in obese people He assumes that in obesity the 
diminution m the carbohydrate depots of the body are responsible for the 
disturbances m muscle, particularly in lactic aad metabolism Since 
lactic aad metabolism is so intimately bound up with the supply of gly 
cogen, his assumptions seem well founded The high lactic aad values 
which we obtained, therefore, may be considered as due to disturbed 
intermediary metabolism with no relationship to circulatory msuffiaency 
Whde it is no longer raamtamed that an exact simple relationship 
exists between oxygen debt and the amount of lactic aad present m the 
blood as first suggested by Hill, Long and Lupton (8), yet it is true that 
higher values of lactic aad in the blood at the end of short light work pred- 
icate higher oxygen debts, for more oxygen is requned for resynthesis and 
oxygenation The relatively greater oxygen debts which we observed in 
the cases of obesity are regarded as bemg due to the greater accumulation 
of lactic aad m the blood Since the evidence indicates that excess lactic 
aad was not due to arculatory insuffiaency, it follows that thu greater 
oxygen debt was likewise not assoaated with any failure of the arculation 
We find then that the differences observed in the two groups studied 
may all be attributed to chetmcal and mechamcal factors and that there 
IS no evidence of a direct arculatory disturbance or ineffiaency The 
actual response of the heart to exercise m mamtaming an adequate blood 
volume was normal The greater mcreases m arteriovenous oxygen 
differences m exerase which have been observed m cases of definite cardiac 
msuffiaency were not seen in the cases of obesity presented in this study 
It appears then that the signs which may be assoaated with cardiac 
insuffiaency observed m those cases of obesity which show no organic 
changes in the circulatory system are not due to an abnormal cardiac 
insuffiaency Although these cases had chmcal signs which imght be 
looked upon as due to inadequate cardiac response (dyspnea, dimimshed 
vital capaaty, mcreased oxygen debt), they showed no evidence of ab 
normal cardiac insuffiaency It is to be remembered that there was no 
evidence of orgamc change in the arculatory system, no arteriosclerosis, 
no hypertension, no cardiac hypertrophy These are patients then whom 
we imght expect to find, with a return to normal waght, entirely normal 
mdividuals 
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SUMMARY AND CONCLUSIONS 

1 Various phases of the arculation were studied in a group of obese 
patients who had no demonstrable pathological changes m the arculatory 
system, chiefly in their response to imld exercise in the form of walking 
on a treadmill The results were compared with the results m a group 
of normal people 

2 The responses of the cardiac output and artenovenous oxygen differ- 
ences to exercise were similar in the two groups 

3 The chief differences between the two groups were found m the 
vital capacities, and in the pulse rates, respiratory rates, blood lactic 
acid changes, oxygen consumptions, and oxygen debts in exercise 

4 On the basis of the findmgs presented, it is believed that the 
symptoms which are so commonly assoaated with cardiac msuffiaency 
and which are frequently observed in cases of simple obesity are not due 
to an inefffaent arculatory response, but rather to mechanical and chem- 
ical disturbances assoaated with obesity 
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A Method of Studying Fresh Blood by Dark Field lUnmination By O C 
Hansen (introduced by H L. Amoss) Durham, N Carolina, 

The result of five years experience of studying normal and abnormal blood 
by dark field illumination is given Comparison is made of this method with 
that which employs supra-vital stains Mature and Immature leukocytes, as 
well as red blood cells, are descnbed as viewed by dark field illummation. We 
believe most, if not all arculapng blood cells can be recognized in the dark 
field and that an accurate impression of haematological disturbances can be ar- 
rived at by studying fresh blood in the dark field. It is also a great help in 
recognizing malaria parasites with ease. The simplicity of this method, as well 
as the fact that it la not dependent upon dyes and staining techmque, should 
make it available for office practice. Slides of dark field drawings are shown 

Iron Metabolism Studies By Paxjl REntiKOFF, New York, N Y 

The intake and output of Iron were studied by the Hvehjem Kennedy 
method in two subjects, one normal and one suffering from polycjihemia vera, 
over a period of 8 months and blood counts were followed. 

Both subjects approached balance on diets ranging from 10 to 20 mgm iron 
daily The normal individual stored iron when given parenteral liver extract, 
when fed a “secondary” extract, and when given 60 mgm iron as iron am- 
monium atrate (the equivalent of the iron content of the latter extract) Later 
in the study neither high iron intake, parenteral liver nor copper sulphate 
caused any storing of iron No definite correlahon was found between red 
blood count, hemoglobin and iron balance in this normal individual 

The polycythemic patient showed little response to Fowler’s solution or 
X ray therapy Phenylhydranne caused a fall of erythocyte count from six to 
three million and of hemoglobin from one hundred to fifty five per cent, but 
very little coincident excretion of iron 

These studies, therefore indicate that the body can store iron for long 
penods (382.8 mgm in 7 months) without use by the hematopoietic system, or 
in case of erythrocyte depression (852,4 mgm m 7 months), without excretion, 
and this work also suggests that iron metabolism should be studied by tissue 
analysis 

Treatment of Polycythemia Vera with Solution of Potassium Arsemte By 
CmtUDE E. Foekner (introduced by C S Keefer), Boston, Mass 
Arsemc has been used for many years in the treatment of anemia and has 
been considered an agent favoring regeneration of erythrocytes and hemoglobin 
The use of arsenic in polycythemia vera has been reported as either contra- 
indicated or of no value, Turk in 1904, from the re^t of treating one case 
with Fowler s solution concluded the drug was of value. In his case the 
erythrocyte count was reduced from 9,000,000 to 7,000,000 cells per cu mm, 

52 807 
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Five patients with typical polycythemia vera have been treated by means of 
oral administration of solution of potassium arsenite Some of these patients 
had been followed for several years prior to this treatment The use of phenyl- 
hydrazine hydrochloride and of roentgen rays, applied over the long bones, had 
been ineffective in one case. The administration of large doses of the pulp of 
raw spleen had been of no value in two other cases 

Prompt remissions occurred following administration of solution of potas- 
sium arsemte m each of these five cases manifested by (1) Lowenng of 
erythrocyte and hemoglobin values to normal or near normal levels, (2) re- 
duction of the leucocyte count to normal or subnormal values, (3) reduction of 
the hematocnt cell volume, (4) decrease in the size of the spleen and liver, (5) 
increase in strength and weight, (6) marked subjective improvement 

Remissions may thus be induced and maintained, at least for many months, 
by continuous administration of the drug 

Purified Liver Extract Intravenously in the Treatment of Pernicious Anemia 
By Raphael Isaacs, Cyrus C Sturgis and (by invitation) S M Gold- 
HAMER and F H Bethell, Ann Arbor, Mich 
It has been possible to remove from commercial liver extract by a very 
simple method, substances which cause headache, lowering of the blood pres- 
sure, chills, fever and vasomotor disturbances Liver extract so prepared has 
been given intravenously to 80 patients (400 injections) and the blood counts 
brought to normal The extract made from about 100 grams of fresh liver, 
intravenously, produces a maximum reticulocyte response ten per cent higher 
than that produced by the extract from 4200 grams given by mouth Four to 
SIX injections of this extract at weekly intervals are sufficient to bring the 
erythrocyte count to normal, and the maintenance dose is one injection every 
four to SIX weeks 

The Interrelation of Pernicious and Idiopathic Hypochromic Anemia The 
Study of a Family in Which Both Conditions Occurred Singly and Com- 
bined By Clark W Heath (introduced by Dr George R Minot), 
Boston, Mass 

The medical literature reveals evidence to prove an interrelationship between 
pernicious anemia and idiopathic hypochromic anemia This is illustrated, not 
only by reports of hypochromic anemia in families in which pernicious anemia 
also occurs, but also by reports of hypochromic anemia preceding the onset and 
during the remission of permcious anemia 

A family has been studied in which three sisters each had both hypochromic 
anemia and pernicious anemia with combined system disease Iron medication 
in two of these sisters changed an initial microcytosis and low color index to a 
macrocytosis and high color index Two brothers had pernicious anemia, one 
with chronic intermittent diarrhea as the chief symptom, the other with early 
Combined system disease Another sister died of a progressive anemia re- 
sembling perniaous anemia Two sons of one of the sisters had a macro- 
cytosis without definite anemia and with normal gastric acidity A daughter 
of one of the sisters had chronic menorrhagia and hypochromic anemia with 
hypochlorhydria Her condition was completely restored to normal by iron 
The red blood cells in the anemic members of the family showed an increased 
resistance span to hypotonic solutions of sodium chloride which became normal 
as the anemia lessened There was a high incidence of menorrhagia, migraine 
and enlargement of the thyroid gland in this family 
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The interrelationship of pernicious anemia and idiopathic hypochromic 
anemia leads to a hypothesis of the eUology of the latter condition It is be- 
lieved that in this family there is a hereditary tendency to reduced gastric func- 
tion The rdabonship of pemiaous anemia to gastro intestinal disorders has 
been shown by Castle, who has found that perniaous anemia is secondary to 
the absence of a specific factor in the stomach secretions In idiopathic hypo- 
chromic anemia there is typically an absence of gastric free hydrochloric acid 
which may be related to the etiology It is therefore believed that idiopathic 
hypochromic anemia is pnmanly the result of a deficiency, conditioned by a 
disorder of the gastro-intestinal tract, leading to an inability to absorb or 
utilize hemogiobin building matenal from the food 

Obsmiatioiis on ifi* Etiology and Trealment of the Anemia of Hookworm Dis- 
ease in Porto Rico By C P Rhoads (by invitation) and Wiu-iam B 
Castle, Boston, Mats 

Study of over 150 cases of hypochromic anemia associated with hookworm 
infestation demonstrated that the morphological and physiological characteristics 
of this anemia are sunilar to those of other hypochromic anemias without hook- 
worm infection encountered both in Porto Rico and elsewhere, and regarded as 
mainly due to defective blood formation No evidence for the presence of 
substances due to the activity of the hookworm capable of acting either as de- 
pressors of blood production or as hemolytic agents was found Since it was 
demonstrated that the mtramuscular injection of red blood cells into these 
patients produced increased blood formation, it is logical to assume that the 
effect of blood loss produced by the hookworm may be sigmficant as a loss of 
potential hematopoietie factors leading to defective blood formation 

No sigmficant effect upon the anemia was produced dunng penods of from 
2 to 3 weeks and frequently for longer penods either by the elimination of the 
hookworms or by the admimstratioD of a diet ennched by 300 grams of meat 
and 1500 cc, of milk daily or by a combination of these. On the other hand 
the daily administration of 6 grams of iron ammonium citrate was almost in- 
vanably followed by promptly increased blood formation indicated by reti- 
culocyte cnses followed by rapid increases of red blood cell and hemoglobin 
values and general climcal improvement, despite the persistence of heavy hook- 
worm infestation and the onginal deficient diet. Substances containing the 
extract of liver described by Whipple and his associates as of value in hemor- 
rhagic-dietary anemias in the dog were somewhat effective but never as effective 
as iron in the dosage employed, the liver extract described by Cohn, Minot and 
their associates as effective in permaous anemia was found to be without effect 
Since in studymg these cases of hookworm anemia deficient diets were found 
to be the rule and gastric anacidity a frequent finding, as is the case in hypo- 
chromic anemias not associated with the hookworm, it is suggested that dietary 
defiaency and gastro-intestmal changes are of major etiological significance. 

Objcmaliom on the EUology and Trcolnienl of .dneniia tn Pregnancy By 
Maueice B Stauss (introduced by Henry Jackson Jr ), Boston, Mass 
The “ physiologic ” anemia of pregnancy was investigated by studying the 
blood, the gastric secretions and the dietary histones of a group of normal 
women throughout pregnancy More than half of these women showed a 
marked decrease or absence of free hydrochloric acid in the gastric jmee dunng 
pregnancy, with a return to normal following partuntion. These women, and 
those with poor diets, had an average loss of 12 per cent hemoglobin durmg 
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pregnancy, whereas women who showed a less marked decrease in free hy- 
drochloric acid and who ate satisfactorily dunng pregnancy lost an average of 
only 5 per cent hemoglobin Three women with permanent post-histamine 
gastric anacidity had an average loss of 18 per cent hemoglobin in spite of their 
satisfactory dietary intake during pregnancy These vobservations indicate the 
importance of direct dietary defiaency and deficiency conditioned by changes 
in the gastric juice in the etiology of the “ physiologic ” anemia of pregnancy 
Thirty-five women who had less than 45 per cent hemoglobin during the 
latter half of pregnancy or following parturition were studied Nineteen of 
these were found to have post-histamine gastnc anacidity and 12 more had little 
or no free HQ following alcohol test meals 

In addition to this striking incidence of disturbed gastric function, over 
two-thirds of these patients were found to have had diets which were definitely 
deficient in iron and other mineral elements and in protem 

None of the 35 patients made any significant improvement during control 
periods without therapy Thirty had anemia of the hypochromic type. Liver 
extract produced no improvement m these cases , but all treated with large doses 
of iron improved rapidly, gaining an average of 0 65 per cent hemoglobin per 
day, whether treated durtitg or after pregnancy 

The observations on the hypochromic anemia of pregnancy correspond to 
similar studies on idiopathic hypochromic anemia and indicate that the etiologic 
factors of direct dietary deficiency and deficiency conditioned by gastric anacid- 
ity are common to both Furthermore, an analogy may be made between the 
blood requirements of the foetus and the chronic blood loss associated with 
certain cases of idiopathic hypochromic anerma. In addition, the therapeutic 
value of iron is shovm to be as great in the hypochromic anemia of pregnancy 
as in other hypochromic anemia 

Five patients had anemia of the hyperchromic type (pernicious anemia of 
pregnancy) Two of these became well under therapy with iron and two under 
therapy with liver extract In view of the observations previously made upon 
Addisonian pernicious anemia, the efltect of beefsteak and gastric juice was 
studied Beefsteak alone was found to have no effect upon blood formation 
upon one patient with macrocytic anemia dunng pregnancy and to have distinct 
effect after parturition Immediately thereafter beefsteak plus normal human 
gastric juice was found to have a markedly positive effect Since patients with 
" pernicious anemia of pregnancy ” remain well once cured, it is reasonable to 
bdieve in the light of these observations that the anemia is due to the temporary 
loss of the intrinsic factor of the gastric juice dunng pregnancy with an 
ultimate return occumng sooner or later after delivery 

The observations on the hyperchromic anemia of pregnancy indicate that in 
addition to an iron deficiency in most cases, there is a temporary absence from 
the gastric secretions of the specific intrinsic factor, the complete absence of 
which has been invariably observed in Addisonian pernicious anemia in relapse 
Hence, the same etiologic mechanisms hold for the anemias of pregnancy 
as for similar anemias in nonpregnant individuals, and like therapy is equally 
efficaaous ' ' 

Non-Specific Serological Reactions in Acute Bacterial Infections By Wil- 
liam S Tillett and (by invitation) T J Abernethy and A Murray 
Fisher, Baltimore, Md 

The results embodied in this report indicate that sera derived from patients 
acutely ill with many different acute bacterial infections are capable of reacting 
with certain strains of Streptococcus heniolyitcus Although a mixture of 
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Buitable cultures and reactive sera results m the formation of coarse clumps of 
bacteria, the phenomenon exhibits certain unique charactenstics which differ 
from the usual speafic anti bacterial serological reactions The unusual fea- 
tures may be summarized as foUoivs 

1 Absence of speaficity Sera from patients suffermg from infection with 
pneumococcus, meningococcus. B typhosus, or other bactena agglutinated in 
equally high titre the test cultures of hemolytic streptococci 2 The capaaty 
of a patient’s serum to react was demonstrable early after abrupt onset of dis- 
ease, persisted durmg the active phase, and disappeared rapidly a few days 
after recovery 3 Agglutmahle cultures were rendered inert by heating to the 
thermal death point 4 The fraction of serum containing the streptococcus 
reacting factor may be chemically separated from that containing agglutinins 
specific for the etiological agent 

The results indicate that the phenomenon is a broad reaction to infection 
mduced by different causes and that sera from cases of diverse etiology pos- 
sess a common, and apparently identical, property Investigation has therefore 
been directed toward attempting to identify this property of blood which is 
acqmred and lost so rapidly The occurrence and general charactenstics of the 
reaction indicate that it may be based upon a mechanism materially different 
from specific antigen antibody reactions 

Although normal serum fails to react with the cultures, normal plasma 
causes a coarse clumping of hemolytic streptococci Plasma from patients 
acutely ill clump the organisms m higher titre than normal plasma By mixing 
organisms contained in several hundred cc, of culture with 1 to 2 cc. of plasma, 
an actual clot is sometimes formed. There is abundant evidence in the litera- 
ture that fibnnogen of the blood is Increased markedly in acute infections The 
results of Maltaner and Johnston and others indicate that “secondary” clots 
obtained from sera are due to unchanged fibnnogen m the serum. It seems 
possible, therefore, that the explanation of the hemolytic streptococcus ag 
glutination descnbed depends upon a relationship between the orgamsms and 
the excess fibnnogen present in the blood of patients with acute bacterial in- 
fections 

Further Studies on Rheumatoid Artkntts By M H Dawson and (by invita- 
tion) R. H Boots, New York, N Y 

The studies on rheumatoid arthntis which were presented last year have 
been continued. 

The agglutination phenomenon with Streptococcus hemolyticus which was 
shown to be present m the serum of patients suffenng from rheumatoid 
arthntis has been further analyzed. These studies have revealed that the 
reaction is highly characteristic both for the bacterial species Streptococcus 
hemolyticus and the disease rheumatoid arthritis It has been found, however, 
that certain attnbutes of the reaction distinguish it from ordinary ag^utinabon 
reactions occurring during the course of speafic infectious diseases. 

Studies on the relationship between rheumatoid arthntia and rheumatic 
fever have been continued In this connection comparative data on the age 
and sex inadenccs of these two diseases will be presented. 

The determination of the sedimentation rate of the erythrocytes has been 
found to be a procedure of great clinical value in the study of cases of rheu- 
matoid arthntis It has been found that the simple procedure gives a reliable 
index of the state of activity of the disease and affords an accurate method of 
determining the results of therapeutic methods instituted. 
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A large series of patients suffering from rheumatoid arthritis have been 
treated by the following procedures (a) Intravenous inoculation with Strep- 
tococcus hemolyticus vaccines (b) Transfusions 

The rationale underlying these procedures will be discussed and the results 
presented 

A Laboratory Method for the Diagnosis of Psittacosis tn Man By T M 
Rivers and (by invitation) G P Berry, New York, N Y 
The contmued appearance of disease in human beings who have been in 
contact with parrots and parrakeets has created the necessity for a safe and 
reliable method for the diagnosis of psittacosis The follovnng laboratory pro- 
cedure has, in our expenence, met the necessary requirements of safety and 
accuracy 

The patient’s sputum, to which 20-50 volumes of meat infusion broth, 
pH 7 8, and a small amount of alundum have been added, is thoroughly 
ground in a mortar The emulsion is centrifuged for 10 minutes at a speed of 
3,000 r p m Then the supernatant fluid is filtered through a Berkefeld V 
candle at a pressure of 15-30 cm of mercury Each of 6 mice receive intra- 
pentoneally on 3 successive days 2 cc of the filtrate The animals are housed 
in screened battery jars placed in shallow baths of lysol solution in order to 
prevent the mechanical spread of the infection by insects All animals are 
observed for a period of 30 days 

The criteria by which the presence of psittacosis in the inoculated mice is 
established are (1) the development of illness in some or all of the animals 
which IS usually fatal within 10 days, but occasionally not before 30, (2) the 
charactenstic pathological picture which m mice consists of focal necrotic 
lesions in the liver and spleen, (3) the absence of ordinary bactenal infections 
as determined by means of necropsy cultures, (4) the presence in liver and 
spleen impression smears of the “minute bodies” of psittacosis, (5) the estab- 
lishment of serial passages of the virus in mice by means of liver and spleen 
emulsions from the animals receiving the sputum filtrates , and (6) the demon- 
stration in mice surviving the inoculations of sputum for 30 days of an active 
immunity against a potent strain of psittacosis virus All of these conditions 
obviously need not be fulfilled in each instance sometimes one, sometimes an- 
other serves to establish the diagnosis 

The results obtained by the use of this method in 10 cases of psittacosis are 
unequivocal demonstration of the virus in 8, probable demonstration in 1, fail- 
ure of demonstration in 1 Sputa collected from the 5th to the 24th day of 
disease have been positive From human autopsy matenal, eg, lung, liver, 
and spleen, the virus of psittacosis has been obtained by means of a similar 
procedure. 

The Isolation of a New Type of Spotted Fever Virus and Report of a Case 
By Hobart A Reimann and (by invitation) Henry L Ulrich and 
Luther C Fisher, Minneapolis, Minn 
The occasion for differential diagnosis between typhus and spotted fever 
has only recently developed The widespread distribution of both diseases, 
render the development of simple methods for differentiation necessary 

A patient in Minnesota presented a clinical picture indistinguishable be- 
tween typhus and spotted fever The virus was established by inoculating 
blood into guinea pigs The reaction in 140 animals was observed After 
intrapentoneal inoculation, fever developed after 5 or 6 days and lasted from 
2 to 7 days Brain virus was less potent. Scrotal swelling appeared in 50 
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per cent of males None of the animals died. Rickettsia were found intra- 
cellularly in the scrotal exudate No other important histological changes vrere 
noted. 

Identification was made by cross immunity tests Animals immune to Min- 
nesota strain were immune to reinfection with eastern spotted fever but not 
always to the more virulent Bitterroot strain Converady, anunals immune to 
both eastern and Bitterroot strains were immune to Minnesota strain Animals 
immune to Minnesota strain were not immune to endemic typhus Curiously, 
animals immune to typhus were not regularly non-immune to Minnesota strain 
Spotted fever vacane protected against Minnesota strain The Minnesota 
strain is apparently one of exceptionally mild spotted fever 

The Effect of Giving Digitalis on the Volume Oiitfuit of the Heart and its Sice 
in Heart Fadiire By Haroui J Stewart, New York, N Y 
It appears to be a fact that the giving of digitalis decreases the cardiac 
output (Burwell, Neighbors and Regen, and Stewart) and cardiac site 
(Stewart) in normal human beings This report concerns the effect of its 
administration when hearts are diseased. In addition to estimations of cardiac 
output by the acetylene method introduced by Grollman, the size of the heart 
was measured from x ray photographs taken at a distanee of 2 meters. All 
observations were made with patients in a basal metabolic state immediatdy 
before digitalis was given and at frequent intervals afterward In all instances 
digitan (Merck) I 0 gram was given within 24 hours 
We have found that in the presence of heart failure of the congestive t\pe 
(1) the cardiac output diminishes (2) With the administration of digitalis 
if diuresis occurs, (o) the cardiac output inereases, (6) the cardiac site 
dtmintshes, (c) the ventricular rate decreases and (d) alterations in the form 
of the T wave of the electrocardiogram occur (3) Results like these occur 
both when the rhythm of the heart is normal and in the presence of auricular 
fibrillation (4) Even when the only sign of heart failure is dyspnoea, the 
effects on output and cardiac site like those described, appear (5) As the 
effect of digit^is wears off these functions change in the reverse direction 
It appears, therefore, that ra heart fadure the effect of giving digitalis differs 
from that in normal persons for instead of diminlshmg, the cardiac output 
increases 

Inequality of Blood Pressure in the Brachial Arteries, mth Especial Reference 
to Disease of the Arch of the Aorta. By Horace M Korns and (^ invi- 
tation) P H Guinand, Iowa City, Iowa. 

It has been taatly assumed that in normal persons the blood pressure and 
the volume of the pulse are equal in the right and left brachial and carotid 
arteries and as a corollary that sphygmic inequality in these artenes is evi- 
dence of disease of the aorta, provided that penpheral causes of partial arterial 
occlusion such as encroachment of the clavicle on the subclavian artery, 
cervical nbs, thrombosis, embolism and artenosderosis, as well as develop 
mental anomalies of the aorta and its mam branches, can be excluded For 
example, a man aged 45 had syphilitic aortitis and aortic regurgitation no en- 
largement of the aorta, dilatation of the innominate artery and equal carotid 
pulses but a much smaller pulse and lower blood pressure in the right sub- 
clavian and Its branches than in the left Extension of the mesartenhs into the 
innominate and right subclavian, with consequent narrowing of the onfice of 
the latter, was diagnosed climcally and confirmed postmortem 
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Unfortunately, not all cases are so satisfactory Manifest aneurysm of the 
aorta is here excluded from consideration, and attention directed to cases which 
present genuine diagnostic difficulties with respect to etiology and pathological 
physiology and anatomy The following case serves as an example A man, 
aged 49, presented the usual signs of aortic regurgitation, except that his pulse, 
although possessed of the requisite volume, exhibited a prominent anacrotic 
interruption which effectively obscured whatever celenty it might have had 
The ascending and transverse portions of the aorta were enlarged The carotid 
pulses were equal, but the pulse in the left subclavian and its branches was 
much smaller than in the right, and the brachial pressure was correspondingly 
low After two months of anti-S 3 q)hilitic treatment the disparity of pulse and 
pressure was much less pronounced, which seemed to fortify the diagnosis of 
syphilitic aortitis Six months later, however, in spite of continued treatment, 
the disparity had returned to its onginal magnitude 

The next case which came under observation was even more puzzling The 
patient was a man of 33 years who presented the cardinal signs of aortic 
regurgitation, without dynamic evidence of aortic stenosis, but wth an aortic 
sjstolic murmur With the possible exception of tins murmur, there was 
nothing to indicate dilatation or elongation of the aorta. At first, with equal 
carotid pulses, the left brachial pressure n-as considerably lower than the nght, 
which suggested syphilitic aortitis at the orifice of the left subclavian artery, 
and, by inference, a syphilitic etiology for the aortic regurgitation However, 
it soon became apparent that the pressure and pulse inequality varied in degree 
from day to day, and ivas often ivanting entirely Such variability could not 
be harmonized with any organic lesion, and because of it a large number of 
normal persons were examined with the idea of determining the normal inci- 
dence of significant inequalities in brachial pressure. 

The brachial pressures of 1000 healthy young students were measured with 
mercury manometers simultaneously in both arms The results are summanzed 
in the accompanying table (Table 1) 


TABLE I 

Ineqmlittcs tn pressure levels 



Mailmnm 

systolic 

Minimum 

diastolic 

Both levds 


R>L 

L>R 

R >£ 

L >R 

R >£ 1 

L >R 

10 mm 

11 mm or more 

per cent 
66 

11 8 

per cent 

1 6 

1 2 

00 00 

per cent 

39 

42 

per cent 

05 

19 

per cent 
02 

03 

Totals 

18 4 

2 8 

12 6 

81 

24 

0.5 


What we have arbitrarily designated as a significant inequality in brachial 
systolic or diastolic pressures occurred 419 times, and 310 of these inequalities 
■were occasioned by a higher pressure on the right side These figures chal- 
lenge the -ralidity of the old assumption of sphygmic equality in the brachial 
arteries of normal persons They also warn against attaching too much sig- 
nificance to inequality of pulse volume and artenal pressure in patients sus- 
pected of hanng disease of the aorta, unless the inequality can be shown to be 
permanent 
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Direct Siimidation of the Vague Nerves tn Man A Case Report By Henry 
Field, Jr., and Paul S Barker, Ann Arbor, Mich 
A man, 40 years oi age, presented extreme congestive cardiac failure, ap- 
parently due to paroxysmal auricular tachycardia The heart rate, approxi- 
mately 190, was not influenced by digitalis, quimdme, or ocular or carotid 
pressure. Qulmne intravenously caused alight transient slowing The pa- 
tient became moribund In a last desperate attempt to stop the tachycardia, 
the vagus nerves in the neck were exposed surgically and stimulated directly 
with faradic current This produced no change in heart rate, although other 
vagus effects were observed. 

Four days later partial atnoventricular block developed, without slowing 
of the auncles, probably caused by digitalis and quinidme. Rapid improve- 
ment followed the ventncular slowing Now for the first time, ocular pressure 
and atropine administration revealed evidence of vagal action upon the heart 
Later the auricles slowed gradually and sinus arrhythmia appeared suggesting 
that the rhythm had been sinus tachycardia throughout For the following 
SIX months digitalis was necessary to keep the heart rate below 100 

The case is remarkable for the extreme sinus tachycardia causing fadure of 
an otherwise normal heart, the tachycardia apparently due to complete loss of 
the cardiac action of the vagi Furthermore, it Is unique as regards the direct 
electncal stimulation of the vagu 

An Electrocardiographic Study of Expenmcnial Coronary Occlusion The 
Inadequacy of the Three Conventunial Leads tn Recording Certain Char- 
acteristic Changes tn Action Currents By Francis Clark Wood (by 
invitation) and Charles C Wolierth, Philadelphia, Pa. 

In dogs, occlusion of the postenor circumflex branch of the left coronary 
artery regularly produces a deviatian of the R-T interval from the iso-electnc 
line in two of the three conventional Hmb leads of the electrocardiogram. 
Ocdusion of the antenor descending branch produces no such results 

However, if the chest is filled with normal salt solution to insure sahsfactory 
conduction from all parts of the heart, and if a fourth lead is used (electrodes 
attached to the front and back of the chest) , R— T interval changes can be re 
corded regularly rvjthin two minutes after clamping the antenor descending, as 
well as after clampmg the postenor arcumflex coronary artery 

When direct heart leads are used, infarctions which are quite small, regu- 
larly produce changes in the R-T interval 

These findings suggest that acute mvocardlal infarction regularly produces 
a change tn the action current of the heart. A deviation of the R-T interval 
from the iso-electric Ime is recordable in all instances if the electrodes arc 
suitably placed 

It has been shown In man as well as in the dog that myocardial mfarction 
can occur in such a position in the heart that the charact^stic R-T interval 
deviation will not appear in the routine dectrocardiogram, but will appear m 
the anteroposterior chest lead. 

The Heart tn Myxocdema Roentgen Ray Measurements and Electrocardio- 
grams Before and After Therapy By J Ierman and R. J Clark (by 
invitation) and J H Means, Boston, Mass 
Zondek, later Fahr have described “ myxoedema heart” The condition is 
one of enlargement which diminishes under thyroid. Coinadent changes in 
electrocardiogram and Improvement in cardiac symptoms take place. 
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We have studied thirty such cases roentgenographically and twenty-four 
electrocardiographically Twenty-three showed transverse enlargement vary- 
ing from 0 5 to 6 3 cm After thyroid medication the diameter diminished in 
twenty-seven from 0 3 to 6 9 cm The shrinkage was gradual and reached its 
limit in 2 to 5 months The area of the roentgen heart shadow showed a 
greater shrinkage than that suggested by the diameter decrease 

The electrocardiograms were all abnormal before thyroid The most com- 
mon abnormality was flattening or inversion of the T waves After treatment 
most of the electrocardiograms returned to or towards normal The cases 
showng the greatest improvement in the electrocardiogram were the ones that 
showed the greatest shrinkage in the heart shadow 

Under thyroid, high blood pressures tended to drop and low ones to rise 
Pulse pressure tended to nse 

Only one patient showed evidence of congestive failure He died eight 
months after treatment was begun 

The pathology of the heart in m 3 rxoedema in relation to the clinical findings 
IS discussed The question of pericardial effusion causing these changes is 
raised 

Studies on the Function of the Suprarenal Cortex By G A Harrop, Jr , and 
(by invitation) Albert Weinstein, Baltimore, Md 
Extensive work has already been reported dealing with the picture of adrenal 
insufificiency in the dog The objective physical signs are charactenstic as is 
the rise in the blood nonprotein nitrogen and the diminished excretion of 
nitrogen and urea in the urine 

The relationship between lipoid metabolism and the cortical hormone was 
studied and it was found that the feeding of certain oils, particularly cotton 
seed oil, by mouth, enabled suprarenalectomized dogs to carry on normal physi- 
ological acbvities even though the extract supply was only one-third of the 
minimal maintenance dosage as previously determined Cholesterol admin- 
istered alone could not produce this effect The cholesterol content of the intact 
adrenal cortex may be increased by the feeding of cholesterol by mouth and is 
depleted during infections Injections of large amounts of extract to the intact 
animallcause a fall within three hours of the blood cholesterol, suggesting some 
type of inter-reaction between the cholesterol esters and the hormone 

Experiments are in progress in which an attempt is being made to identify 
this hormone-sparing factor with some particular hpoid The hypothesis is 
advanced that certain lipoids may serve either as conveyors of the hormone to 
the cells within which it acts or that they have a specific interaction with iL 

A Case of Generalized Osteitis Fibrosa Cystica {Hyperparathyroidism?) Show- 
ing Metabolic Evidence of Spontaneous Healing By Samuel H Bas- 
sett (introduced by Wm S McCann), Rochester, N Y 
The nitrogen, calcium and phosphorus metabolism has been studied in a 
woman aged 21 years who presented roentgenological evidence of generalized 
osteitis fibrosa cystica (hyperparathyroidism?). 

The experiment was continued through ten periods of six days each Dur- 
ing the initial thirty-six days, with the patient taking only a constant diet, con- 
sisting chiefly of milk, eggs, cheese and orange juice, and containing approxi- 
mately 111 gram calcium, 1 41 gram phosphorus, and 10 grams nitrogen per 
diem, there was a retention of 14 34 grams calcium, 6 96 g^rams phosphorus and 
a loss of 7 18 grams nitrogen 
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If the assumpbon be pennitted that the calctnin stored was deposited m bone 
as terbary calcium phosphate, and that a loss of 1 gram of phosphorus occurs 
with a loss of 17 grams of nitrogen, calculabon of the theoretical phosphorus 
balance from the above data shows the expected retenbon of phosphorus to be 
6 98 grains This figure agrees almost exactly with the phosphorus retenbon 
demonstrated in this portion of the expenmenb 

In the seventh and ninth periods, the diet phosphorus was supplemented by 
the ingesbon of a solubon of monosodium phosphate. This resulted in a 
lowenng of serum calaum, elevabon of serum phosphorus and a marked 
though temporary increase in retention of botli calcium and phosphorus 

The Action of the Parathyroid Hormone on the Renal Threshold for Phos- 
fhonis By Reab Ellsworth, Balhmore, Md. 

Previous observations of Albnght and Ellsworth are confirmed that fol 
lowing the adraimstrabon of parathormone there is an immediate pouring out 
of phosphorus in the none and a fall of serum inorganic phosphorus 

In the present communicabon the following addibonal points are made 
1 The phosphorus diuresis following parathormone is quantibvely sufficient 
to account for the fall of serum phosphorus 2. Both unne and serum phos- 
phorus changes occur in some experiments at a considerable interval before any 
observable alterabon m serum calcium. 3 By ultrafiltration it is showiT'that 
before parathormone is given, the serum inorganic phosphorus is 97 to 100 
per cent filtrable. 4 This strongly suggests that one primary acbon of the 
parathyroid hormone is to produce a specific lowering of the renal threshold 
for phosphorus 

Rickets and Hyperparathyroidism By Benct Hamilton and (by invitabon) 
Charles Schwartz, Chicago, III 

In a preliminary commumcabon it has been reported that the administration 
of calaum chlonde or calaum gluconate by mouth to rachibc rabbits usually 
results in death from hypercalcemia, while in normal rabbits a corresponding 
dose of calaum increases the serum calcium only to a slight degree. It was 
thought possible that this effect was due to the presence of abnormally large 
amounts of parathyroid hormone m the blood of rachibc rabbits A method 
was devised by which small amounts of parathormone may be demonstrated, 
using rabbits as test ammals By using this method it was found that the Hood 
of rachitic rabbits is nch in parathormone or some other substance with idenb- 
cal effect on the serum calcium This finding agrees wdl with the fact that 
several invesbgatars have found a hyperplasia of the parathyroid glands in 
rickets Our findings indicate that this hyperplasia is accompanied by an in- 
creased secrebon of hormone. Probably the hyperparathyroidism is secondary 
to a low calaum absorpbon which, m the absence of hyperparathyroidism, 
would lead to a low serum calcium and tetany 

The Concentration of Electrolytes and Non-Electrolytes in the Serum FoUorv 
tng Insulin Adminutration m Diabetic Patients By F W Sunderiian 
(introduced by J H Ausbn), Philadelphia, Pa. 

This study was designed to measure in the diabehc pabent the change not 
only in sugar concentrabon but also of the other components of serum follow- 
ing the admimstrabon of a large dose of insulin In^m was withheld in 15 
pabents suffenng with severe diabetes meliitus for a period sufficient to induce 
marked elevation of the blood sugar After an overmght fast, blood was re- 
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moved for analyses and the patients were given from 50 to 150 umts of insulin, 
still fasting At intervals of 20 minutes, finger prick blood sugar values were 
followed with a techmque which gave us measurements ivithin 18 minutes 
When the concentration of blood sugar had fallen to within normal limits or 
upon the appearance of any symptoms of an insulin reaction, a second specimen 
of blood %vas removed by vein for analyses and the patient was returned to his 
usual regimen 

After the administration of insulin coincident with the fall in serum sugar, 
cliolesterol, and phosphate, the concentration of total base, sodium, and chlonde 
in the serum increased toward normal values The total osmolar concentration, 
as measured by the freezing point, decreased somewhat but not below normal 
There was no consistent change in the total dry substance The final picture 
represents a restoration in general toward normal values 

The Blood Lactic Acid in Hepatic Disease By Albert M Snell and (by in- 
vitation) Grace M Roth, Rochester, Minn 

Bollman and Mann have demonstrated elevations of blood lactic acid after 
experimental liver injury and in hepatectonuzed animals The levels of lactic 
acid in human subjects show comparable changes in the presence of hepatic 
disease High values are found in patients with portal cirrhosis in its terminal 
stages as well as in postoperative hepatic insuflSciency Following surgical 
procedures on the bde passages, transitory rises are noted Following hepatic 
injury from arsphenamine, there was a defimte parallelism between the levels of 
serum bilirubin and those of lactic acid The relation of these changes in lactic 
acid values to other laboratory and climcal data is discussed 

Hypoglycemic Reactions Following Glucose Ingestion By Walter S Mc- 
Clellan and (by invitation) H D Halcro Wardlaw, New York, N Y 

Symptoms associated with hypoglycemia following the ingestion of glucose 
have been reported in the literature in 8 patients Dunng a study of the in- 
fluence of the previous diet on the metabolism after the ingestion of 100 grams 
of glucose in the Sage calonmeter, one subject developed symptoms 4)4 hours 
after taking the glucose on three different occasions This is the first time, 
as far as we have found, when the data have been available for analyzing the 
metabolism preceding an attack 

In the first two observations, when he had been on a high carbohydrate diet, 
43 grams of glucose were oxidized showing rapid oxidation before the attack 
In the last experiment, preceding which he had received only 25 grams of 
carbohydrate daily, he utilized only 23 grams for the same period In this 
instance the depletion of his blood sugar to 40 8 mgm was apparently due to 
a rapid storing of glucose 

Wide variations in the blood sugar time curves of 5 normal controls demon- 
strated that the previous diet definitely influenced carbohydrate metabolism 
In spite of imnations in these curves the blood sugar fell to or below its fasting 
level in all subjects by the end of 4)4 hours In the patient described above the 
blood sugar ivas 40 8 mgm when he had symptoms In another man it reached 
34 0 mgm -without producing symptoms 

Thyroid Hyperplasia Produced in Chickens iy Ultraviolet Deficiency By 
Kenneth B Turner and Ethel M Benedict (by invitation) and 
Robert F Loeb, New York, N Y 

Marked thyroid hyperplasia was consistently produced in chickens raised in 
an environment from which ultraviolet light was excluded by means of an 
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amber glass filter Rickets \va5 prevented by the daily administration of cod 
liver oil 

In the hyperplastic glands the epithelium was higher, the follicles smaller 
and more numerous, and the colloid diminished when compared with normal 
thyroids from control birds. Macroscopically the thyroids of the ultraviolet 
deficient chickens were greatly enlarged and congested The average weight 
of the thyroids from 30 of these chickens was 102 mgm. as compared to an 
average thyroid weight of 46 mgm for 28 controls, although the average body 
weights for each group was the same. 

In spite of the evidence of greatly increased activity in the hyperplastic 
glands, the metabohsm as measured by oxygen consumption per minute per 
gram of chicken determined in four of the group receiving no ultraviolet light 
was the same as that of four control chickens The iodine content of the hyper- 
plastic gland ivas reduced. 

The daily administration of potassium iodide to chickens raised in the 
absence of ultraviolet light effectively prevented thyroid hyperplasia. The 
thyroids of such birds resembled those of the controls m all details 

The Excreiton of Inorganic Sulphates in Man By J M Havman, Jr., Qeve- 
land, Ohio 

Inorganic sulphates were estimated m the blood by Power’s and Wakefield's 
method, and the unne by Fiskes benndine method. Inorganic sulphates are 
less concentrated by the human kidney than creatinine, and usually less con- 
centrated than urea. In accordance with the belief in filtration and reabsorp 
tion, this IS regarded as evidence that some sulphate diffuses back through the 
tubule cells After intravenous injection of sodium sulphate, the concentration 
ratio approaches that of creatimne In nephnbs with elevated serum sulphate, 
the excretion resembles that m a normal individual after in;ection of sulphate. 

Complement Furatwn in Smallpox and Vaccinia By R. F Paekxr and R. S 
Muckenfuss (by invitation) and D P Baer St Louis Mo 
Complement fixation has been positive in twenty six cases of smallpox in 
which the fluid was obtained before the ninth day of the eruption, using serum 
of rabbits hyper-imrauniied to vaccima, and three hour ice box fixation with 
a capillary drop of vesicle fluid ns antigen After this time some negative 
reactions were observed Fluid from the pustules of primary vacanabons 
gave posiUve reacbons in all cases studied 

The blood of patients was studied by this technique, using ether extracted 
testicular vacama virus as anbgen The reacbon bec^e positive about the 
seventh day of smallpox. 

Studies on Histamine in the Gastric Juice By Charles L. Brown (introduced 
by Cyrus C Sturgis), Ann Arbor, Mich 
This study is an mvesbgabon of one phase of the fate of histamine in the 
body, namely, whether histamine is secreted by the stomach Histamine has 
been isolated from the gastric mucosa, but report of previous ivork to invesb- 
gate Its possible presence in the gastric secrebon has not been found 

The methods of extraction of histamine used by Best in the study of bssues 
were applied to gastnc juice The gastric juice extracts were assayed by the 
blood pressure method, using cats, as recommended by Best 

Twenty-seven samples of gastnc juice, represenbng juice obtained with 
and without histamine stimulabon, in normal and diseased individuals, were 
studied Twenty-five of these showed a measureable amount (by assay) of a 
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blood pressure depressing substance which resembled histamine m its 
evanescent effect Normals without histamine stimulation assayed from "not 
potent” to 0 0535 mgm (in terms of histamine base) histamine activity per 
100 cc gastric juice, normals with histamine stimulation assayed from 0 0023 
to 0 0411 mgm (in terms of histamine base) histamine activity per 100 cc 
gastnc juice 

These gastric juice extracts in very great dilution caused violent con- 
traction of virgin guinea pig uterus 

Two samples, each made up of two liters of gastnc juice, were processed 
to isolate histamine in the form of dipicrate, but no crystals were obtained 
which conformed to the melting point and crystallographic characteristics of 
histamine dipicrate However, the final extracts were potent by the assay 
method The very small possible quantity of histamine may account for the 
inability to obtain the crystals 

Conclusion A histamine-like substance, having an evanescent blood pres- 
sure depressing effect and causing violent contraction of the virgin guinea pig 
uterus, IS found in the gastric juice, when the juice is obtained ivithout or 
with histamine stimulation 

The Electrocardiographic Changes Following Ligation of the Smaller Branches 

of the Coronary Ai teries in the Dog By W M Fowler and H W Rathe 
(by invitation) and Fred M Smith, Iowa City, Iowa 

The object of this investigation was to determine the effect of ligation of 
the smaller subdivisions of the coronary artenes on the electrocardiogram and 
to correlate these electrocardiographic changes with the location and character 
of the myocardial lesion 

Thirty-seven experiments were performed upon twenty-four dogs Two of 
the dogs died from pneumonia, the remaining ammals were sacrificed at varying 
intervals folloiving the operation, and pathological studies made of the myo- 
cardial lesion 

The dogs were anaesthetized wth ether, a tracheal canula introduced, and 
the anaesthetic continued under positive pressure An incision was made 
through the chest wall on either the right or left side of the sternum, depending 
on the ventricle to be exposed A control electrocardiogram was taken pnor to 
the anaesthetic Subsequent curves were taken eighteen hours following the 
operation and at daily intervals thereafter In the first experiments, curves 
were taken at frequent intervals immediately after the operation, but this was 
discontinued, since in every instance the significant electrocardiographic altera- 
tions persisted for more than eighteen hours Furthermore, premature con- 
tractions were often so numerous during the early post -operative period that the 
character of the T deflection was obscured 

A negative T deflection in one or more leads ivas the most distinctive find- 
ing This \vas not necessarily accompanied by alterations m the R-T segment 
In the subsequent course, the T wave became less negative and in from three 
to five days, returned to a positive phase This was followed m many instances 
by an increase in the amplitude of this deflection and a later return to the 
original level When the heart was examined after the electrocardiogram had 
gone through the successive alterations, a small fibrotic area was found in the 
myocardium below the ligature If, however, the heart was examined during 
the early electrocardiographic alterations, a small area of degeneration with 
round cell infiltration was noted 

Vessels were ligated on the antenor and postenor surfaces of the left ven- 
tricle Electrocardiographic changes occurred in most instances although no 
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correlation could be found between these alterations and the location of the 
occlusion A vessel of the nght ventricle was ligated in seven dogs In six 
instances the ligation was followed by an alteration In the electrocardiogram. 

In seven dogs the pencardium was opened and sutured without disturbing 
the myocardium. The electrocardiographic changes were identical vnth those 
following ligation of the smaller vessels When the hearts were examined at 
necropsy there were either adhesions between the epicardium and pencardium 
at the site of the incision or a discoloration of the underlying epicardium The 
BUperSaal vessels were patent, but on microscopic examination, degenerative 
changes of the muscle fibers immediately under the epicardium with a slight 
degree of round cell infiltration was found 

These experiments Indicate that minute myocardial damage is suffiaent to 
produce significant alterations in the T deflection of the electrocardiogram 
The early changes are assoaated with an acute degcnerabve process m the 
myocardium. A return of the electrocardiogram to normal is accompanied by 
a replacement of the areas of degeneration by fibrous tissue. 

The Effect of Thyroxin upon the Metabolism of Isolated Normal and Malignant 
Tissue By Ovm O Meyer and Claire McTiernan (by invitation) and 
Joseph C Aub, Boston, Mass 

By the method of Warburg, micro respiration measurements were made on 
isolated tissues Mouse sarcoma C R. 180 served as the neoplastic tissue and 
liver from the same mouse was used as the normal tissue control m each expen 
ment It was found that after daily subcutaneous injections of thyroxin for 
penods of three to thirty three days the metabolism of the liver was appreciably 
elevated, whereas the oxygen consumption of the tumor m the majonty of cases 
decreased to a significant degree when compared with control animals. The 
tumors from once that had received thyroxin were similar microscopically to 
the controls 

To eliminate the possibility that the failure to obtain the usual thyroxin 
effect ivas due to the tumor s lack of innervation, thyroxin was administered 
to dogs m 28 to 44 mgm doses over penods ranging from nine to thirteen days 
At the end of the given penod, the dogs were killed and the metabolism of the 
cortex of the denervated and normal kidneys ivas measured and found to be 
similar 

Conclusion Thyroxin failed to elevate the tumor metabolism in a manner 
similar to that of normal tissue. This is probably due to some factor within 
the tumor tissue rather than a lack of nerve supplv 

The effects of pancreatectomy on normal and tumor metabolism was also 
bnefly discussed. 

The Effects of Temperature and of Tissue Turgor on the Movement of Fluid 
through the Human Capillary Wall By Eugene M Landis and (by in- 
vitation) John H Gibbon, Jr., Bhiladdphia, Pa 

A plethysmograph measuring the volume of a segment of forearm under a 
pressure of 200 mm Hg was used to study certain factors concerned in the 
movement of fluid through the capillary wall Measurements made by means 
of the pressure plethysmograph are relatively independent of the vanations in 
arm volume produced by vasomotor changes The temperature of the apparatus 
was kept constant to within one degree Cenbgrade by drculabng ivater through 
the space between the double wall of the instrument The subjects were re- 
cumbent with one arm abducted and the forearm extending verbcally 
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Tissue fluid accumulates at very low venous pressures, the rate of accumu- 
lation being proportional to venous pressures at least up to 60 cm ^vater The 
temperature of the forearm conspicuously influences the movement of fluid 
The rate of filtration produced by a venous pressure of 60 cm water -with a 
forearm temperature of 44 5° C is over twice as great as the rate observed at 
the same venous pressure and a forearm temperature of 14 5° C 

When volume determinations are repeated over an extended penod the rate 
of filtration produced by any given venous pressure gradually decreases as fluid 
accumulates in the tissue spaces This occurs at low and high venous pres- 
sures indicating that tissue turgor is a factor in preventing the loss of large 
amounts of fluid from the blood stream 

The Rates of Utilization of Thyroxin and of Desiccated Thyroid in Man Re- 
lation Betiveen Iodine in Desiccated Thyroid and Thyroxin By Wil- 
lard Owen Thompson and (by invitation) Lawrence L McLellan, 
Chicago, HI 

These observations were made to determine the rate of production of the 
thyroid hormone in man We have found that the minimum amount of thy- 
roxin which must be injected intravenously or subcutaneously every day m 
order to maintain the basal metabolism of patients with marked myxedema at 
the standard normal level is 0 3 mgm to 0 4 mgm (This figure has not been 
determined before by daily injections ) The basal metabolism in these patients 
before treatment was minus 40 to minus 45 per cent and, therefore, they had 
little or no functioning thyroid tissue The following observations suggest that 
most of the thyroxin was utilized by the body to increase its caloric expenditure 
and not excreted unused 

1 Injecting 1 5 mgm every fifth day had the same effect as injecting 03 
mgm every day 

2 The intravenous mjection of a single dose of 10 mgm of thyroxin in a 
patient with marked myxedema produced roughly the same number of excess 
calories per milligram of thyroxin as injecting the same amount of thyroxin in 
divided doses of 0 3 mgm per day 

Observations have been made which make it appear probable that when 
thyroxin is injected into an individual whose thyroid function is normal to 
begin with, much of it is promptly excreted unused However, it would seem 
that a dose of thyroxin which is just adequate to supply a deficiency in the body 
may be used almost completely 

In patients with myxedema the calorigenic effects of thyroxin injected in- 
travenously and desiccated thyroid administered by mouth are the same on the 
basis of their iodine contents In a patient who required 0 3 mgm of thyroxin 
injected intravenously every day to maintain the basal metabolism at the stand- 
ard normal level, it was necessary to administer 1 5 grains (100 mgm ) of 
desiccated thyroid daily by mouth to accomplish the same result This amount 
of desiccated thyroid contained approximately 0 2 mgm of iodine, the amount 
contained in 0 3 mgm of thyroxin It would thus appear that all the iodine m 
desiccated thyroid is in a form equivalent to thyroxin from the standpoint of its 
physiological effects, and that, when the dose is just adequate to replace a de- 
ficiency in the body, it is absorbed almost completely from the gastro-intestinal 
tract 



AilERICAN SOCTETY FOR CLINICAL INVESTIGATION 


823 


Proof of Direct Conimuntcalion Between Coronary Arteries and the Chambers 
of the Heart By Joseph T Weabn and (by invitation) T G Rlhmpp 
and L. J ZscniESCHE, Oeveland, Ohio 
It -was pointed out in 1928, as a result of perfusion experiments, that per- 
fusate introduced into the coronary arteries escaped into the chambers of the 
heart without passage through the capillanes The existence of these channels 
has been denied by Anrep, Grant and Viko and Stella. Recent injection ex- 
periments, which consisted of injecting a substance into the coronary arteries 
too thick to pass through the capdlanes and finding the same substance emerg- 
ing from the Thebesian vessels, give further evidence of the existence of 
Thebesian communications ivith the arteries Serial sections through one of 
these openings prove conclusively that there is direct connection between 
coronary arteries and the chambers of the heart The importance of these com- 
mumcations is obvious when one considers the frequent obstruction of the 
coronary arteries without coronary infarction 

These vessds have not been desenbed heretofore. 

High ColciiHii Low Phosphorus Diets for the Rat Long Time Metabolism 
Studies By Alfred T Shobl and (by invitation) Helen B Brown, 
Edna E. Chapman, Catherine S Rose, and Esther Sauerwein 
Short time metabolism studies have shown that retentions high in calaum 
and low in phosphorus result from these diets Does this type of retention 
continue? If so, is the body composition altered? When cod liver oil is added 
to the nckets produang diet of Steenbock, rats continue in good nutrition for a 
long time. Their growth is restricted by the phosphorus (law of the minimum) 
and the high calaum, low phosphorus retentions are still present after 20 weeks 
on the diet The body composition is not altered and the bones are of normal 
composition. 

The RSle of the Pulmonary Circidalion in the Dyspnoea of Cirailatory Faihtre 
and of Hyperthyroidssm By George P Robb (by invitation) and Soma 
Weiss, Boston, Mass 

Although the veloaty and volume of blood flow are increased in hyper- 
thyroidism and decreas^ in arcidatory failure, yet in both conditions the 
patients exhibit weakness, a tendency to dyspnoea, orthopnoea and a low vital 
capaaty This similar climcal behavior of patients with opposite disturbances 
of the blood flow has not so far received satisfartory and detailed explanation 
Simultaneous quantitative study of the pulmonary circulation and of the ven 
tilatory function of the lungs has, however, thrown light on the mechamsm 
underlying this climcal paradox. 

A group of patients suffering from hypertensive and luetic heart disease had 
dyspnoea and orthopnoea and a retarded pulmonary blood flow but gave no 
evidence of congestive failure in the penphery, the veloaty and volume of the 
blood flow and the peripheral venous pressure bang normal However, al- 
though the amount of blood in the lungs was normal or slightly increased 
the residual air was absolutely or relatively increased and the vital capacity 
was low The index between the vital capaaty and the residual air ivas par- 
ticularly decreased In the more severe cases of dyspnoea and orthopnoea, 
the amount of blood in the lungs was often considerably increased during 
periods when the peripheral arculation still showed no signs of congestive 
failure. The ratio between the vital capaaty and the residual air was con- 
siderably disturbed in such cases With climcal improvement due to rest or 
53 
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digitalis both the pulmonary circulation and the dynamics of the lungs ap- 
proached the normal state 

In a group of patients suffering from hyperthyroidism it was also observed 
that the actual amount of blood in the lungs was normal or increased and the 
velocity and volume of the blood flow in the pulmonary circuit was increased 
The residual air space in these, as in the cardiac patients, was increased and 
the vital capacity ws decreased The ratio between the vital capacity and the 
residual air was decreased Following the administration of Lugol’s solution, 
and after thyroidectomy, the circulation and ventilation of the lungs returned 
to normal 

From these observations we have concluded that in both the cardiac and 
hyperthvroid patients, an increased capillary pressure with or without engorge- 
ment within the oulmonary circuit produces a functional emphysema of the 
lungs with a stiffening of the alveoli and a resulting low vital capaaty In 
heart disease, this increased capillary pressure is the result of back pressure 
from the impaired heart , in hyperthyroidism, it may develop either from active 
dilatation of the artenoles or from a passive dilatation due, again, to back pres- 
sure from the heart Gross encroachment on the alveolar space by blood is not 
an essential factor in the development of the functional emphysema or low vital 
capacity in circulatory failure or in hyperthyroidism The response of the 
lungs with increased capillary pressure and secondary functional emphysema in 
both conditions is to a large extent the explanation of the identical clinical 
manifestations discussed 

This study demonstrates the clinical significance of a quantitative, corre- 
lated observation of the pulmonary circulation and the ventilatory function of 
the lungs It also demonstrates that disturbances in the pulmonary circulation 
and ventilatory mechanism of the lungs may develop independently of the state 
of the peripheral arculation 

The Equilibnmi between Cerebrospinal Fluid and Blood Plasma VH The 
Distribution of Sodium and of Chloride Ions between Cerebrospinal Fluid 
and Blood Plasma and the Donnan Membrane Equilibrium By Frank 
Fremont-Smith and (by invitation) Mary Elizabeth Dailey, Boston, 
Mass 

We have previously shown that the human cerebrospinal fluid is in osmotic 
equilibrium with the blood plasma Since the cerebrospinal fluid is almost 
protein-free, it is of interest to study the distribution of electrolytes between 
this fluid and plasma to determine to what extent this distribution may be 
explained by the laws of thermodynamics During the past eight years we 
have studied the distribution of protein and of chloride between human blood 
plasma and cerebrospinal fluid in over 360 instances In over 100 of these cases 
the distribution of s^ium has also been determined The total osmotic pressure 
has been determined by the freezing point method, and the water content by 
drying to constant weight 

In 25 instances in which the plasma and cerebrospinal fluid were shown to 
be in equilibrium by freezing point determinations, and in which the cere- 
brospinal fluid was essentially normal in composition, the ratio of spinal fluid 
sodium to serum sodium averaged 1 03 while the ratio of serum chloride to 
spinal fluid chloride averaged 0 82 If the Donnan membrane equilibrium 
governs the distribution of ions between these two fluids, the sodium in the 
water of serum should be greater than the sodium in the water of cerebrospinal 
fluid, whereas the chloride in water of the cerebrospinal fluid should be greater 
than that in the water of serum This is shoivn to be the case when the con- 
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centrarion of these ions in water content of serum and cerebrospinal fluid is 
calculated The average sodium content of serum water is 337 mgm per 100 
cc,, in spmal fluid water 324 rngnu per 100 cc., the chloride in serum water 
386 mgm per 100 cc., and in cerebrospinal fluid water 438 mgm per 100 cc 
If sodium and chlonde is all present as diffusible ions, the distribution ratios 
for sodium and chlonde in the water of these two fluids should be identical 
according to the formula 


^ CNaJoj F ^ [[CL], 

[[Na], 


The ratios determined m water content, average 


and 


cerebrospinal fluid sodium 
serum sodium 


= 096 


serum chlonde 

cerebrospinal flmd chloride 


= 088 


By means of the formula denved by Van Slyke, Wu and McLean (J Biol 
Chem , 1923, Ivi, 765) 

[BPlr + si[BP]/ + 4CA3.CA]. + [BP]:) ^ n o, 

2CA]. + [BP].) 

we have calculated the theoretical value for the Donnan ratio to be 093 It 
will be seen that this value is almost midway between the determined ratios for 
sodium and for chlonde in water content It is possible that some of the water 
of serum is bound to protein or to other colloids, and is therefore not avaiiable 
for the solution of ions If it is assumed that an average of 4 3 cc. of water 
per 100 cc. of plasma is so bound leaving 89 J cc. of ' free ivater ” per 100 cc 
of plasma, the distnbution ratio for sodium now becomes identical with that for 
chloride and equals 092 

The agreement between this value and the theoretical ratio (0 93) is extra 
ordinanly good considenng the complexities of the two fluids studied and the 
necessary assumptions involved. Moreover slight venations in the composi- 
tion of the plasma are constantly taking place which would tend to disturb the 
equilibnum. 

Condusum From a study of the distnbution of sodium and chlonde be- 
tween buman blood plasma and cerebrospinal fluid it has been shown that the 
distnbution of these ions is in general in agreement with the Donnan membrane 
eqmlibnum although quantitative identity between the observed and calculated 
ratios has not been obtained. 


The Circulation of the Brain and of the Leg tn Man at Effected by Alterations 
in the Gaseous Content of Arterial Blood By WiiiiAM G Lennox and 
(by invitation) Eena Leonhardt, Boston Mass 
Fifty expenments were conducted m which patients breathed vanous mix- 
tures of COj and of O, Before and during the procedure blood svas drawn 
from an internal jugular and a femoral vein and from an artery The CO, 
content and the 0, content and capacity of these samples was measured. 

For the brain, an mcrease in the CO, content of the arterial blood resulted 
in a marked decrease, and a loss of CO, in a marked increase, in the A-V dif- 
ference Alteration of the O, saturation of artenal blood produced less distmct 
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changes m the opposite direction An increased saturation \vas associated -with 
an increased, and anoxemia with a decreased A-V difference. These observa- 
tions are believed to indicate that an increase of CO, or a decrease of 0„ in the 
arterial blood causes a dilatation of cerebral vessds, and the opposite* condi- 
tions a constriction These conclusions are consistent ^vlth the direct observa- 
tions of pial vessels of the cat reported by Wolff and Lennox 

Circulatory changes in the leg did not parallel those in the brain 

The Effect of Rattlesnake Venom on Blood Sugar By G O Broun, St Louis, 
Mo 

Lethal doses of the venom of Crotalus atrox gives nse to an antemortem 
hyperglycemia Sublethal doses at times show the same effect, although not so 
regularly as the lethal doses The causation of this hyperglycemia is considered 
together with the effect of insulin and antivenom on the increased level of blood 
sugar 

Two Mechanisms m the Production of Diirosies’s Sign, their Diagnostic Sig- 
nificance and a Clinical Test for Differentiating between Them By 
Herrman L Blumgart and A. Carlton Ernstene, Boston, Mass 

The Mechanism of Vomiting Induced by Qmnidine By A Carlton Ern- 
stene and (by invitation) Samuel Lowis, Boston, Mass 

Since knowledge of the mechanism of the toxic symptoms of a drug is of 
importance in clinical therapeutics, we have studied the mechanism of emesis 
induced by quinidine Contrary to expectation, the results of the investigation 
indicate that quinidine does not cause vomiting reflexly by stimulating afferent 
fibres from the heart Quinidine emesis is mainly of peripheral origin, how- 
ever, the afferent impulses reaching the medulla chiefly by way of the sym- 
pathetic division of the autonomic nervous system We have been led to this 
conclusion by the following facts established in expenments on cats in which 
the effective vomiting dose of quinidme had been determined previously by 
intramuscular injectioiL 

Denervation of the heart according to the technique of Cannon, Lewis and 
Bntton failed to prevent nausea or vomiting in eleven of thirteen instances 
Solutions of quinidine sulphate did not cause emesis when applied to the region 
of the vomiting center in the medulla Removal of the stomach and intestinal 
tract did not prevent emesis, if the animals were in good postoperative con- 
dition Paralysis of the vagus nerves by atropine sulphate did not prevent 
vomiting, although somewhat larger doses of quinidine frequently were neces- 
sary to induce emesis after atropine. Nicotine invariably prevented vomiting, 
and ergotoxine usually did so Section of the spinal cord at the level of the 
second thoracic vertebra prevented emesis except at times after greatly in- 
creased amounts of qmnidine 

The results of the investigation indicate that the chief sites of the thera- 
peutic and toxic actions of quinidine are entirely different 

The Effect of Experimentally Produced Liver Damage on the Blood Fat Curve 
Following Epinephrine By Chester M Jones and (by invitation) 
Josephine W Fish, Boston, Mass 

Elsewhere proof has been given of vanations in the blood fat curve oc- 
curring in individuals suffering from various forms of liver disease We 
have tried to reproduce these findings m animals with experimentally produced 
liver damage 
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Chloroform and coal tar have been used m different doses to produce vary 
ing degrees of liver necrosis in rabbits As in human beings the blood fats in 
normal rabbits rise abruptly following the subcutaneous injection of epinephrine. 
Following the use of chloroform or coal tar, with the resulting hepatic 
necrosis, the shape of the fat curve has been substantially modified in these 
ammals ’ In ammals with seriously damaged livers the curve goes progressively 
downwards Apparently with somewhat leas severe damage the fat curve tends 
to be absolutely level 

These variations from the normal rise and fall are identical with curves 
observed in h uman beings with very serious degrees of liver damage and 
strengthen our conviction that marked variations from normal m the behavior 
of the blood fats after the injection of epinephrine are of distinct prognostic 
value. 

The Postoperaitve Disturbance in the Respiratory Mechanism By W J 
Meeu; Scott, Rochester, N Y 

After operation there often is a marked disturbance in the respiratory 
mechanism as shown by the volume of the lung and particularly by a reduction 
in the vital capacity A general parallelism is found between the latter and 
the madence of postoperative pulmonary complications for the different areas 
of the body The factors responsible for the diminution in vital capacity have 
been studied. Mechanical factors such as the alteration in mtra.abdominal 
tension are relatively unimportant. Afferent stimuli from the wound appear 
to be chiefly responsible for iL After the reduced vital capacity is established, 
hyperventilation causes little change in it but interruption of pain from the 
wound results in a considerable increase If the wound can be made entirely 
anesthetic for forty-eight hours after operation, most of the decrease m vitM 
capacity can probably be prevented and a coincident reduction in the madence 
of postoperative pulmonary complications achieved. 

Parathyroid Poisoning as a Complication of Hyperparathyroidtsm in Man 
By Fulleb Albbioht, Boston, Mass 

Simple hyperparathyroidism leads to skeletal decalcification, and even death 
from insufficiency of a bony skeleton. Collip has shown that very large doses 
of parathyroid extract m animals lead to a very different and sudden type of 
death Hueper has shown that this death is assoaated wiih calaum deposits 
in certain abnormal places Evidence Is here presented that there is an in- 
creased calaum deposit in tissues where calcium is normally deposited This 
strengthens the hypothesis that the calaum deposits are the result of an over- 
saturation of the blood with calaum phosphate. 

Over fifty cases of hyperparathyroidism are now in the literature. One of 
three cases is ated where the manner of death and the autopsy findings not only 
make the diagnosis of hyperparathyroidism, but also that of parathyroid poison- 
ing The importance of recogmzing the existence of this fatal complication 
13 in its possible prevention The senes of events which lead up to it is 
discussed. 

The Blood Iodine in Thyroid Disease By Geobge M Cubtis and {by invita- 
tion) Chesteb B Davis, Chicago, 111 

The constant occurrence of iodine in human blood is now established Our 
studies indicate a relationship behveen thyroid activity and the blood iodine 
level There is thus opened up a new approach to studies of thyroid function 
in health and disease. 
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The noraal iodine content of human blood in this region is 12 3 gamma 
per cent One gamma equals 0 001 mgm This is elevated in patients with 
toxic goiter to over twice the normal value, and more so in toxicity associated 
wth diffuse hyperplastic than with nodular goiters It rises sharply following 
preoperative lodinization, and falls following the thyroidectomy After ade- 
quate thyroidectomy, it remains at a low normal level 

In hypothyroid states the blood iodine is lower than normal This is true 
for cretinism, diffuse juvenile goiter wth hypothyroidism, and postoperative 
myxedema of varying degree The administration of desiccated thyroid, to 
patients wth postoperative hypothyroidism, results in a definite and early rise 
of the blood iodine, which subsequently falls Patients maintained upon des- 
iccated thyroid over long penods maintain a high normal blood iodine Mem- 
bers of the same family with varying manifestations of thyroid disease show 
striking variations m the blood iodine level, although living under similar con- 
ditions and on the same food and water 

The Nature of the Cardtac Enlargement Resulting from the Adimmstrahon of 
Active Thyroid Material By Francis M Smith (by invitation) and 
Eaton M MacKay, San Diego, Calif 
The increase in the weight of the heart which follows the administration of 
desiccated thyroid to the albino rat bears a linear relationship to the basal 
metabolic rate and the heart weight as varied in this manner is directly pro- 
portional to the total metabolism as measured indirectly by the food intake. 
In light of the relationship known to exist between the work of the heart as 
expressed by the cardiac output and the basal and total metabolism it is sug- 
gested that the cardiac enlargement which follows thyroid intoxication is in 
the nature of a simple work hypertrophy The chief objection to this view is 
the accumulation of lactic acid in such a myocardium The possibility exists 
that this IS akin to the accumulation of lactic acid during a given effort stimulus 
in untrained skeletal muscle If so it might be expected to disappear after 
long continued maintenance of a given thyrotoxic level or possibly through the 
breathing of oxygen rich air 

The Relationship between Oxygen Consumption and Nitrogenous Metabolism 
By C W Baldridge, Iowa City, Iowa 
As previously demonstrated, the rapid production of erythrocytes during 
induced remissions in pernicious anemia is associated with a decreased oxygen 
consumption We also confirmed the work of Riddle and Sturgis and of 
Krantz and Riddle, who found increases in total oxygen consumption coinadent 
with the destruction of leukemic leucocytes by roentgen ray 

Further investigations have revealed the following relations 1 Increased 
blood destruction in polycythemia occasioned by phenylhydrazine is associated 
ivith increased oxygen consumption 2 Rapid erythropoiesis following hemor- 
rhage in dogs IS associated ivift a slightly decreased total oxygen consumption 
3 Transfusion of compatible blood in dogs is followed by a rise in oxygen con- 
sumption which is delayed and coincides with the disappearance of the trans- 
fused blood 4 Subcutaneous injection of hemolyzed blood in dogs is asso- 
ciated with an immediate rise in oxygen consumption 5 In phlorhizin diabetes 
and in the period of nitrogen retention which follows it, the oxygen consump- 
tion curve IS approximately a mirror image of the nitrogen balance curve. 
This corresponds ^^^th the findings in blood dyscrasias but the changes are of 
greater magnitude. 
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From these and other observations the following tentative generalizations 
are drawn 1 Nitrogen retenUon (cell formation) is assoaated with a de- 
creased oxygen consumption 2. Nitrogen loss (cell destruction) is associated 
with an increased oxygen consumption 

The Significance of the Mercury Combining Power of Blood By P S 
Hench, Rochester, Minn 

The mercury combining power of blood is an index of its urea content and 
the amount of urea in the blood can be determined simply by an estimation of 
Its mercury combimng power The techmc of the test is so simple that it can 
be carried out with a minimum of laboratory equipment, and it can be com- 
pleted in fifteen minutes This test is an extension of the work done some 
years ago on the salivary index (the mercury combimng power of saliva), and 
a review of the recent work by the author and others, confirming the accuracy 
and value of the test, is presented. 

Basal Metabolism CJion^cs During the Dietary Correction of Undcr-Nulntion 
By Frank A Evans and (by invitation) James M Strang, Pittsburgh, 
Pa. 

Studies of the basal metabolism have been made on 11 patients with severe 
under nutntion These patients who were treated by dietaiy measures alone, 
gained on the average 1070 grams per person per week for S 4 weeks The 
average total weight gain was 5 8 talograms, which was equivalent to 14 per 
cent of the average initial weight. 

During the dietary periods, the consistently low levels of basal heat output 
rose from an average of 49 1 calories per hour to 53 5 calories per hour or 9 
per cent In view of the average increase of body surface of 6 per cent which 
accompanied the weight gam the average basal metabolic rate changed only 2 
per cent 

An increase of weight of 14 per cent is therefore accompanied by an in- 
crease in basal heat production of 9 per cent although this fact is obscured if 
heat production is expressed solely in terms of basal metabolic rate. 

Successful Orchideclomy in Addisonts Disease By Care H Greene and L. G 
Rowntree and (by invitation) Waetman Walters Rochester, Minn. 

Our experience has shown that any surgical operation on a patient with 
untreated hdateral renal tuberculosis or Addison’s disease usually serves to 
initiate a crisis of acute adrenal insufficiency with death within one to sixteen 
days A case is reported of a man of thirty-four, with frank Addison’s dis 
ease, in whom a successful orchidectomy was performed in consequence of the 
preoperative and postoperative use of adrenal cortical hormone, prepared by the 
method of Swingle and Pfiffner The relation of this type of treatment to 
surgical practice in general is discussed. 

The Effect of Ingested Fat and of Acidosis upon the Hyperlifeinta of Diabetes 
MeUitas By Artsdr C Curtis and (by invitation) John Shelbon, 
Aon Arbor, Mich 

Three cases of diabetes mellitus with hirperlipemia were studied. The first 
case showed a decrease in the blood fat although large amounts of fat and a 
high calonc diet were ingested When glycosuria and acetonuna were induced 
by removing insulin a slight increase in blood fat occurred The second case 
had a lipemia of 11 6 per cent. 'This rapidly fell to 0.7 per cent on a high fat 
and high calonc diet with insulin. The insulin was then slowly decreased and 
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finally omitted No change m the blood fat ^vas evident until acidosis developed 
With aadosis the blood fat rose to 3 65 per cent The third case had a 
lipemia of 14 16 per cent This rapidly fell as the diabetes was controlled to 
1 40 per cent although the patient was ingesting large amounts of fat The 
subsequent removal of insulin was then accompanied by a gradually increasing 
glycosuna until it became as great as 206 grams in 24 hours At this time no 
change in the CO„ combining power \vas present and little change in the blood 
fat had occurred The acidosis subsequently increased until the CO, combining 
power was 30 mgm per cent and the acetone bodies in the urine rose from 

0 002 gram per 100 cc of urine to 0 323 gram per 100 cc of urine Accom- 
panying the mounting acidosis there was a steady increase in blood fat until at 
the height of aadosis it was 6 40 per cent. The addition of insulin alone to 
the previous regimen caused a fall m blood fat from 6 40 per cent to 0 95 per 
cent in 12 days 

Conchistoiis 

1 Lipemia has been reproduced in patients having diabetes mellitus 

2 The return of the lipemia is not directly related to ingested fat or to calonc 

intake 

3 It occurs when the carbohydrate combustion is so diminished that acidosis is 

produced 

4 The inability to oxidize fat causes its increase in the blood By addition of 

insulin, carbohydrate is oxidized and lipemia disappears 

Influence of Hormones on a Glycogen-sphtUng Enzyme tn MaUgnani Tissue 
By Frederick H Scharles (by invitation) and William T Salter, 
Boston, Mass 

In work directed toward the enzymic activity of cancer cells (summarized 
for this society in 1931) we found no production of lactic acid by mouse sar- 
coma (number 180) from mouse glycogen Barr et al had previously reported 
a similar result The reasons for this finding are two first, although tumor 
cells contain an enzyme which does split glycogen, lactic acid is not produced 
by this tumor amylase , secondly, the intracellular amylase will not effect extra- 
cellular glycogen 

This enzyme, which is extractable from tumor by water, differs from other 
tissue amylases Its optimum temperature, in vitro, is 48° C rather than 37° C 
The optimum pH for activity is 6 2 Glycogen is hydrolyzed, not into lactic 
acid, but into what are probably several compounds which yield a net reducing 
value of about one-third that of the inherent glucose The glycogenolytic 
power of the enz 3 Tne under suitable conditions m vitro varies directly as the 
logarithm of its concentration Of more fundamental import, however, is the 
fact that hormones can change the effective concentration of the enzyme in the 
tumor Insulin causes an increase of 35 per cent and thyroxin of ISO per cent 
Adrenalin and starvation cause no demonstrable change. It is not poisoned by 
cyanide nor lodo-acetate in vitro, nor does radiation with high voltage x-ray 
diminish its activity 

The Consumption of Blood Sugar by Muscle tn the Non-Diabehc and, Dtabettc 
State By Wallace M Yater and (by invitation) J Markowitz and 
Russell F Cahoon, Washington, DC 
1 Heart muscle of a normal heart-lung perfusion consumes 40 mgm of 
glucose per gram per hour, as was previously shown by Knowlton and Starling 
and Cruikshank. 
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2 Heart muscle of a diabetic heart lung perfusion consumes less than one- 
fourth this quantity This figure corresponds to the requirement of resting 
skeletal rausde of liverless dogs 

3 The decline m blood sugar following removal of the liver in dogs is the 
same in both the non-diabetic and the diabetic state. 

4 The mjection of 0 25 gram glucose intravenously per kilo per hour in 
liverless dogs suffices to maintain a normal level of blood sugar, as was previ- 
ously shown by Mann and Magath 

5 When liverless dogs are subjected to severe strychmne spasms the con- 
tinuous injection of glucose at this rate is insufficient to maintain the blood 
sugar and it falls progressively to a hypoglycemic level in S hours 

6 When diabetic liverless dogs are injected intravenoudy with glucose at 
the rate of 0.25 gram per kilo per hour after the blood sugar has declined to a 
non-diabetic level there is a slowly progressive nse of the blood sugar level It 
IS estimated that the blood sugar would be maintained at an apprommately 
normal level by the injection of 3/16 gram of glucose per kilo per hour 

7 On the basis of these expenments and those quoted from the literature 
the hypothesis is propounded that in the diabetic state the glucose requirement 
of resting skeletal muscle is the same as in the non-diabetic state, but that in 
the diabetic state contracting muscle is unable to ublise the glucose molecule 
for purposes of obtaining the extra energy Apparently it is a function of 
insulm to elaborate the glucose molecule so that it is available for this purpose. 

The Manner of Rmoval of Protein from Normal Jointt By Charles L. 
Short and GRArrviLLE A. Bennett (by invitation) and Walter Bauer, 
Boston Mass 

Information concerning the manner In which proteins are removed from 
joints as well as the rate of removal is necessary for a better understanding of 
the phvsiology of normal joints, and the factors involved m the production and 
maintenance of joint effusions 

These experiments were performed on the knee joints of normal dogs 
Various dilutions of egg albumin were injected into ffie knee jpmts and the 
time of its appearance in the blood stream was determined by preapitatiou tests 
done at fpequent intervals using the serum of rabbits unmumzed against egg 
albunun It was definitely shown that protein is removed much more rapidly 
from passively exerased joints than from joints at rest In the case of the 
exercised joints, the protein could be detected in the serum as early as thirty 
minutes after the mtra articular injection That there was but little tendency 
for the egg albumin to accumulate la the serum was evidenced by the fact that 
the amount contained in the serum did not increase markedly This findmg was 
confirmed by following the egg albumin content of the serum in dogs receiving 
intravenously small injections of egg albumin at frequent intervals 

In certain experiments the lymphatic vessels were tied off at their entrances 
into the larger vessels of the neck In such instances no egg albumin appeared 
in the blood stream three hours after the intra articular mjection of egg 
albumin thereby demonstrating conclusively that protein is removed from 
joints only by way of the lymphatics 

Similar exjienments have been done in which horse serum and the albumin 
and globulin fractions of horse serum were injected mto active and inactive 
joints mstead of egg albumin 

These experiments aid one in concluding that in of long standing jomt 
effusions, the removal of protems is definitely interfered with In such cases 
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one can state that there is definite interference \vith lymphatic drainage This 
information suggests that a test might be devised which would enable one to 
state more definitely what therapeutic procedures are indicated in the treatment 
of a given case wth a joint efiFusion 

The Treatment of Cardiovascular Syphilts By T E Moore and (by invitation) 
J H Danglade and J E Reisinger, Baltimore, Md 
This IS a preliminary report of the outcome in 165 patients (112 with aortic 
regurgitation and 53 with aneurysm of the aorta) who received the same 
type of general medical care, but varying amounts of anti-syphilitic treatment 
The scheme of treatment emphasized is based on the avoidance of therapeutic 
shock (the Herxheimer reaction), of the therapeutic paradox, and of drug, par- 
ticularly arsenical, reactions It is shown that by adequate treatment, as com- 
pared with little or none, symptoms may be alleviated , the mortality rate is re- 
duced (during an observation period of 5-10 years) from 92 to 25 per cent, and 
the average duration of life after the onset of symptoms is increased from an 
approximate 24 months to 75 months or longer 

General Edema of Indeterminate Origin By Norman M Keith, Rochester, 
Minn 

Five cases of general edema, indeterminate in origin, were seen bertveen 
June, 1924, and July, 1925 The ages of the patients varied from nine to sixty- 
nine years Edema had been present m one case for rtvo years, and in the other 
four cases from two to four months One patient gave a history of syphilis, 
one, a history of arrested chronic pulmonary tuberculosis, and three patients of 
previous good health There was no distinct cardiovascular abnormalties nor 
any anemia Daily unnalysis sometimes disclosed nothing abnormal, whereas, at 
other times, casts and traces of albumin were present In two cases, the values 
for serum protein and blood cholesterol only were determined , in one case these 
values were normal , in the other, the value for serum protein was reduced to 
4 6 mgm. in each 100 cc. and that for blood cholesterol was increased to 325 mgm 
in each 100 cc. Treatment consisted of a diet low in salt and water, and ad- 
ministration of certain diuretics In four cases the results were very satisfac- 
tory, in the fifth case, a large amount of fluid vras eliminated through punctures 
in the skin of the legs The ultimate prognosis in all cases was good One pa- 
tient, however, died five and a half years later with apparent cardiac failure and 
symptoms suggesting coronary occlusion The most likely causative factors of 
the edema would seem to be some general toxic or nutritional disturbance 

Non-specific Versus Specific Serum Treatment in Lobar Pneumonia By M 
Finland and W D Sutliff (by invitation) and R. N Nye, Boston, 
Mass 

A direct comparison between the response to the therapeutic administration 
of horse serum globulin solutions containing no specific antibodies and horse 
serum globulin solutions containing a high concentration of specific antibodies 
might be expected to provide an adequate control for the evaluation of the effect 
of specific serum and incidentally to throw some light on the nature and extent 
of the therapeutic response to non-specific therapy 

A concentrated solution of horse serum globulins -was prepared from anti- 
meningococcic serum Some patients were treated non-specifically with this 
serum and 20 to 60 hours later, were given equivalent amounts of antipneumo- 
coccic serum Others received only non-specific therapy The latter cases were 
compared with cases given specific therapy alone 
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It was observed that non speafic therapy of the sort described had a tempo- 
rary antipyretic effect, produced a temporary sense of well bemg in the patient, 
occasionally resulted in a temporary steriluation of the blood stream, but had no 
perceptible influence m preventing extension of the lesion. Speafic serum the- 
rapy had a permanent antipyretic effect, produced a permanent amelioration of 
subjective complaints, regularly sterilised the blood stream and prevented ex- 
tension of the pneumonic process. 

It 13 concluded that the curative effects of Type I antipneumocococ sertun in 
the treatment of Type I lobar pneumonia are due to its content of specific anti- 
bodies rather than to its action as a foreign protan. 

Immune Reactions in Diabetic Patients By Hobart A Reimann and (by m- 
vitation) Johannes K. Moen, Minneapolis, Minn. 

Several theories account for the increased susceptibility of diabetic patients 
to mfection, (a) increased sugar in the tissue favors the growth of invading or- 
ganisms, (b) diminished bactenadal capaaty of the blood, (c) reduction of the 
opsonic index, (d) lack of tissue resistance. 

Because of the correlation found between the suppressed formation of ag- 
glutinins and the tendency to secondary infections m leukemia and kala-azar, 
similar experiments were performed m diabetic patients Four severe, 8 moder- 
ately severe and 4 controlled diabetic patients together with 10 normal controls 
were vacanated in the usual maimer with tjrphoid, paratyphoid A and B vaccine. 
Blood agglutination tests were made 10 days after the first injection and there- 
after at 10 day intervals for 2 months 

The agglutinins appeared as usual m the normal individuals in high titer, oc- 
casionally as high as 20 000 The agglntimn titer was lower in most of the 
diabetics The response was subnormal in the controlled diabetics, and dis- 
tinctly low in the moderate cases In 2 patients vacanated during aadosis and 
glycosuria scarcely any agglutimns appeared. 

Conclusion The ability of diabetic patients to produce agglutinins foUow- 
mg antityphoid vaccination is dimimshed This probably indicates another fac 
tor to account for the mcreased susceptibility of diabetic patients to infection. 

Study of Acute Respiratory Disease in Spitsbergen By W G Smiuje and 
(by ravitation) J H. Pavti, and H L. Freese, Boston, Mass. 

As a contrast to our year’s study of “colds’ in the Virgin Islands, West 
Indies, we selerted Spitzbergen This is a small isolated community, subjected 
to ngorous climatic conditions The study began September 1, 1930 The ice 
closed down in October and no ships came m until June, so that isolation was 
complete. Almost no respiratory disease occurred in the population (500) dur- 
ing the wmter A severe epideimc struck with the arrival of the first ship in 
June Barteriological studies of nasopharyngeal flora of the people were made 
throughout the year, as well as observations of environmental conditions, mclud 
ing temperature preapitation, relative humidity, sunlight, wind veloaty and air 
loniration. Our results show that the " colds " in Spitzbergen were contagious, 
spread by direct contact, with an incubation period of about 36 hours Environ- 
mental factors played no part m the madence. None of the farmliar organisms 
of the nasopharyngeal flora could be incriminated as etiological agents 

The Anginal Syndrome Induced by Gradual General Anoxemia By Marcus 
A Rothschied and (by invitation) Milton Kissin, New York, N Y 

With individuals subject to attacks of chest pain, in whom there is no evi- 
dence by physical or electrocardiographic examination of myocardial (coronary) 
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disease, it is often difficidt to be certain of the origin of the pain We wished to 
distinguish in tliese cases between those with pain due to impaired coronary 
circulation, and those in whom the pam arose othenvise It occurred to us that 
if one were to produce a general anoxemia, and therefore a local cardiac anox- 
emia, there might appear differentiating responses m these two groups 

By means of rebreathmg, we were able to produce a state of general anox- 
emia in human subjects The carbon dioxide was absorbed It usually took 
about ten minutes for the oxygen to become so low that the patient became un- 
comfortable 

Twenty-six patients were subjected to the test. Fourteen patients were used 
as controls The controls consisted of four patients with normal hearts The 
remaining ten cases were patients with chronic valvular disease, paroxysmal 
auricular fibrillation, rheumatic fever, spondylitis, gallbladder disease, and 
cardiospasm None of these patients developed pain Twelve were patients 
with clear-cut histones of attacks of precordial pain brought on by exertion, 
exatement, eating, or exposure to cold Nine developed pain during the re- 
breathing test Seven of these had no physical or electrocardiographic signs of 
myocardial disease The pain appeared when the oxygen fell to about 9 to 10 
per cent This ordinarily took about 8 to 10 minutes Subjects were advised 
to raise their hands when they felt imcomfortable, and the experiment was 
stopped 

It IS furthermore interesting to observe that two other patients with clinical 
angina and intraventncular block developed pain and additional electrocardio- 
graphic changes during the anoxemia The changes found were depression of 
the R-T segments in Leads II and III, and in another instance m Leads I and 
III Unfortunately before further tests could be made, the second patient died, 
but the patient with changes in II and III was observed further We were un- 
able to reproduce the electrocardiographic changes with (1) oxygen and carbon 
dioxide inhalations, (2) intravenous atropm, (3) adrenalin, (4) pitressm, and 
(S) amyl nitrate. 

There were three patients with clinical coronary artery disease, one with defi- 
nite electrocardiographic changes, and two with no electrocardiogaphic changes, 
that responded negatively to the test 

We feel, therefore, that it is possible to reproduce the pain of angina pectons 
m susceptible subjects by inducing general anoxemia We assume in the ex- 
planation that the coronary circulation, normally adequate, becomes inadequate 
during anoxemia We are not prepared to state that anoxemia per se is re- 
sponsible for the pain that appears during the experiment It is possible that 
the explanation of angina as being due to a cardiac ischemia combined with a 
piling up of Lewis's P-factor explains the pain that appears during rebreathmg 
We feel that our work, although not conclusive, tends however to support the 
anoxemic theory of angina pectoris 'This test promises to be of some value m 
differentiatmg Ae causation of chest pain. 

The Caitse of Dyspnea on Mild Exertion m Persons with Cardiac Disease By 
T R. Harrison and (by invitation) W G Harrison, Jr , and J A Cal- 
houn, Nashville, Term 

Observations have been made regarding the mcrease in ventilation produced 
by mild exercise in persons with cardiac disease Previous studies have shown 
that such exertion is not associated with changes in the composition of either 
the arterial blood or the blood returning from the brain Hence the increase in 
ventilation is not due to changes in cerebral blood flow 
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It has been found that muscular movement causes a reflex increase in respi- 
ration The evidence is as follows 

1 Moving' the bands causes increased ventilation even though the circulation 
to and from the arm is occluded by an inflated blood pressure cuff around the 
arms. 

2 Passive movements of a dog's leg cause increase in ventilation. If the 
spinal cord Is cut in the mid-dorsal region moving the liind leg does not, but 
moving the fore leg does cause increase In ventilation 

3 If the hind leg of a dog be amputated except for the sciatic nerve and 
femoral vessels, movements of the leg cause increase in ventilation whether or 
not the vessels are obstructed. Cutting the nerve abolishes the effect 

Patients with cardiac disease have a greater ventilation for a given exercise 
than do normal subjects They likewise have a greater and more sustained rise 
in 'venous pressure Experiments on dogs indicate that the latter phenomenon 
may be a cause of the former because (o) rapid intravenous injection of fluid 
causes increase in ventilation when the ■vagus nerves are mtact but not when they 
are cut, (6) mcreasuig the venous pressure by mflating a balloon in the right 
aimcle also increases, and deflation of the balloon decreases the ventilation No 
such effects are obtained by the same procedures after bilateral vagotomy 

It 13 concluded that the dyspnea produced by mild exertion in persons with 
cardiac disease is due to reflex respiratory stunnlation from the moving muscles 
and from the heart 

Intra-CapUlary Anatiomaset By laviNG Weight (introduced by H O Rosen- 
thal), New York, N Y 

We have observed in numerous patients small anastomosing vessels which 
connect different segments of an indiiridiial capillary loop Some of these con- 
nect the arterial limb with the venous limb, others two jiortions of the venous 
limb , other patterns also have been seen. These vessds are smaller in diameter 
than the capillaries with which they are associated 

Two major considerations ■wdl be discussed 

1 The blood may cease to flow through these anastomoses while it shll con- 
tinues to flow through the capillary, passing the openings of the anastomoses 
If this IE due to an mdependent contraction of these minute anastomoses it would 
be ■valuable evidence m favor of the presence of an independent neuromuscular 
mechanism, probably the Rouget cells Our observations lead us to believe that 
such is the case. 

2 We have considered the development of these vessels More than one 
anastomosis is rarely seen in the nail fold capfllanes of a single patient, and it is 
impossible to see them m the capillanes elsewhere m the body We have been 
able to see them more frequently since we have adapted the ultra-pak to capillary 
study 

These are probably residual vessds from the archiform capillaries of early 
infancy We have confined these studies to mature adults in order to avoid con- 
fusion with the normal network seen m early infancy and sometimes present m 
childhood especially in cretins 

Whether human capillaries bud out and produce such anastomoses we cannot 
say at present but studies are being made of this possibility 

Finally, these are not the arteriolar venule anastomoses descnbed by Heira 
berger, Lewis and others. 
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The Chmcal Value of Electrocardiograms Taken in an Anteroposterior Plane at 
Right Angles to the Frontal Plane of the Classical Elect) ocardiogram By 
Edward F Bland, Sylvester McGinn and Howard B Sprague (by in- 
vitation) and Paul D White, Boston, Mass 

Om the Relationship between Cardiac Size and Basal Cardiac Work in Common 
Clinical Conditions By Isaac Starr, Jr , and (by invitation) Leon H 
Collins, Jr , and Francis C Wood, Philadelphia, Pa 

Estimations of cardiac output (method of Starr and Gamble presented before 
this society in 1928) and of blood pressure permit calculations of cardiac work 
by Starling’s formula Duplicate determinations were made in the postabsorp- 
tive state on fifty cases, viz. normals, threatened congestive failure, angina pec- 
toris, hypertension, anemia, thyrotoxicosis and functional heart disease. 

The relationship between cardiac size and work per beat has clinical sig- 
nificance dividing the cases threatened with congestive failure from the other 
cases The latter arrange themselves along a straight line, the great majority 
deviating from it less than could be accounted for by the large errors inherent 
in the estimations , the former are far distant Therefore in normal conditions 
the work of the heart is a function of its size, an extension of Starling’s " Law 
of the Heart ” to clinical conditions In failure large hearts do but little work 

The relationship between heart size and heart work per beat was especially 
striking in 17 cases of hypertension Those with hearts of normal size, by re- 
ducing cardiac output, maintained their hjrpertension without greater expendi- 
ture of cardiac work than normal persons The cases with large hearts were 
performing mcreased work Considering increased cardiac work as cause of 
hypertrophy in the latter group, its absence will explain the absence of hyper- 
trophy in the former 

Comparison of the Way in Which Normal and Diseased Kidneys Excrete Waste 
Products By F H Lashmet (by invitation) and L H Newburgh, Ann 
Arbor, Mich 

Under conditions which markedly restrict the fluid, but not the solid intake 
of the body, normal kidneys are able to excrete concentrated urine of high spe- 
cific gravity Under identical conditions, diseased kidneys excrete dilute urine 
of low specific gravity This difference was at first supposed to be due to the 
inability of diseased kidneys to excrete the normal amount of waste products 
per unit of time 

If, however, the total amount of waste products and the volume of urine ex- 
creted per unit of time are determined, diseased kidneys eliminate solids at a high 
rate, provided sufiicient water is available to permit the required dilution The 
mcreased volume of urine is obtained at the expense of body water The ex- 
tent of the increase m urine volume is inversely proportional to the maximum 
specific gravity which the diseased kidneys can attain imder the speafied con- 
ditions 

The presence of edema changes somewhat the above findings During the 
period of water restriction, patients with edema excrete unne of the expected 
low specific gravity, but of small volume and low total solids If they are then 
allowed to dnnk water freely, they will excrete not only the normal amount of 
waste products in an increased volume, but also those retained from the period 
during which water was restricted , 

These findings reveal the importance of adequate fluid intake in all cases of 
nephritis, including even those with edema If there is to be no retention of 
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waste products, a large volume of urine must be assured by an adequate water 
mtake. 

The Heart Rate in "Fnsde" Fowls lU Bearing on the Human "Goiter" Heart 
By Ernst P Boas, New York, and (by invitation) Walter Landauer 
Storrs, Conn 

It IS still unknown in how far the mcreased metabolism, as such, or in how 
far altered thyroid secretion causes the cardiac disturbances of Graves’ disease. 
The Frizzle fowl is a variety of chicken with peculiar upward turning feathers 
and a very scanty plumage The lack of feathers causes an excess loss of body 
heat, and a compensatory Increase in basal metabolism. These chickens may 
live for a number of years and so offer a unique opportunity of studying the 
effect of a permanently high metabolism on the heart. 

We have studied the heart rate of 22 Frizzle fowls and of 27 normal chickens 
of the same approximate age and weight. In some chickens the heart rate was 
counted for penods of several hours by means of the cardlotachometer The 
usual electrodes applied to the skin of the breast were employed. Electrocardio- 
grams were taken with needle electrodes. All readings were obtained while the 
chicken lay quietly on its back without strugglmg 

The heart rate of normal chickens weighmg about 1 5 kilograms and about 
one year old ranges from 180 to 330 a mmute. This is lower than rates reported 
in the literature which range around 350, and which are undoubtedly too high 
because the conditions of the experiments were far from basal The heart rate 
of Frizzle chickens of the same weight and age ranges from 260 to 440 The 
average mmimum rate per minute of the normal chickens was 263, of the Fnzzle 
fowl 334 

It seems that in the Fnzzle chicken the mcreased basal metabolism alone 
conditions a permanently mcreased heart rate. In human subjects with Graves’ 
disease there must be a similar effect. The cardiac hypertrophy which has been 
observed in the Fnzzle chicken is apparently related to this mcreased work of 
the heart A similar mechanism mav account, in part at least, for the cardiac 
enlargement that occurs m Graves’ disease. 

Cataphoretic Potential of Streptococci as Isolated in Studies on Arthritis By 
EnwAHn C Rosenow, Rochester, Minn. 

The paper consists of a report on the cataphoretic potential of streptococci 
when isolated, and after long cultivation obtamed from various atna of mfec- 
tion from the stool and from the blood in various forms of arthntis and allied 
conditions, and the effect of the patients serum m lo^enng the cataphoretic 
potential of the streptococcus \ 

Renal Function During the Dissipation of Cardiac EdeniA, By George Herr- 
mann and (by invitation) £ H Schwab and W W Bondorant, Galves- 
ton Texas j 

Studies of the creatimne, urea, sodium chloride and theyCOi m the blood and 
the unne durmg the mobilization and excretion of fluidiinder the influence of 
xanthme and mercurial diuretics and digitalization h^^elded some interestmg 
data on the mechamsm of the action of the lattei^focedures Applying Reh- 
berg’s formulae it is apparent that the diuresis fro-^xanthine and digitelis bodies 
in so far as the kidney is concerned in patiwiT’with congestive heart failure is 
accompanied by great increase in filtrajjoTwth but little decrease m reabsorp- 
tion while with the mercurials fhe,rf.(ifesis was accomplished pnmarily by a de- 
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crease in the reabsorption phenomenon The blood COj dropped as the base 
was lost through the kidney The sodium chloride maintained about a normal 
level in the blood while the urinary output mcreased tremendously The blood 
urea level rose conspicuously and dropped promptly back to just above the nor- 
mal while the urinary excretion increased considerably during the height of the 
diuresis and dropped off sharply to below the resting level in ten hours 

Observations on Heart Sounds with Particular Reference to Gallop Rhythm 
and Sounds of Auricular Origin By A G Macleod (by invitation) and 
Frank N Wilson, Ann Arbor, Mich 

Simultaneous phonocardiograms and electrocardiograms were taken in a 
senes of patients with normal and pathologic hearts A study of these records 
permits the following tentative conclusions 

1 In certain cases of heart block the R-T interval may be nearly twice as 
long as the interval behveen the first and second sounds 

2 Auricular systole may produce sounds as loud as, or louder than, the first 
or second heart sound It often produces a double sound, the second element 
of which follows the P ivave by a considerable interval There are several 
factors which determine the intensity of the auricular sounds Audible auri- 
cular sounds may occur in midsystole. 

3 In bundle branch block associated ivith gallop rhythm the extra sound 
IS presystolic and is not caused by asynchronous contraction of the ventricles 

4 In gallop rhythm the extra sound may be protodiastolic, presystolic or 
systolic Presystolic gallop rhythm is by far the most common vanety In 
this type the extra sound seems to be of auricular origin One interesting case 
was obsen'ed in which both presystolic and protodiastolic gallop rhythm were 
present at the same time At ordinary rates one very loud middiastolic sound 
was heard, at slower rates this was separated into its two components 

The Electrocardiogram in Coronary Thrombosis By Paul S Barker and 
(by invitation) L L Klostermyer and A G Macxeod, Ann Arbor, 
Mich 

The electrocardiogram is useful m the diagnosis of coronary thrombosis, 
particularly when a senes of curves is possible 

An important feature of the abnormal T-defiections is their progressive 
change in form This is accompanied by QRS changes which have not been 
fully described The curves fall into two groups 

The first group shows small complexes in lead I with a conspicuous and 
broad Q-defiection In leads II and III the first deflection of QRS is upivard, 
followed by an S-wave often of large amplitude These QRS changes are 
associated with a sharply inverted T-wave in lead I in the late stages of coron- 
ary thrombosis, and with an upnght T partially fused with QRS in the early 
stages 

The second group shows prominent Q-waves in leads II and III and T-wave 
changes of the opposite type Corresponding to these changes there are char- 
actenstic changes in precordial leads which are of value in understanding how 
these phenomena are produced 

Changes in heart rhythm, particularly the occurrence of partial or complete 
block, paroxysmal ventncular tachycardia, and the sudden development of 
intra\ entncular block, or of very small complexes are also common in coronary 
thrombosis and are of diagnostic value. 
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Toxtc Gotire and its Relation to Protein Digestion (Pancreatic) By John 
Staige Davis, Jr. and John A, Killtan (introduced by Carl Binger), 
New York, N Y 

The concentration of tyrosine and tyramine has been estimated in the blood 
and unne of a senes of patients suffenng from vanous types of toxic goitre. 
These results have been compared with those of a group of patients exhibiting 
nontoxic thyroid disease, and of normal subjects When studied in relation 
to the basal metabolic rate, pulse rate and weight, the tyrosine and tyramine 
concentrations appear to have a definite relationship to the severity of the 
clinical manifestations 

Observations derived from animal expenraents are presented which show 
that changes m the histopathology of the thyroid gland occur following ligation 
of the pancreatic ducts These changes strongly resemble colloid goitre in 
man and are believed to be due to the lack of tyrosme production 

The general theoretical conclusion is reach^ that the absorption of the split 
products of protein digestion in the small intestine is related to the phenomena 
of thyroid disease more speafically, that an excess in the concentrations of 
tyramine and tyrosine in the blood may be responsible for the manifestations 
of thyrotoxicosis, while the absence of these substances may result in colloid 
degeneration of the gland. 

The Redistribution of Vital Capacity After Paralysis of the Heniidiaphragm 
By Joseph W Gale (by invitation) and William S Miudleton, Madi- 
son, Wis 

For a penod of time after phremc block or evulsion the vital capacity is 
perceptibly reduced as a rule. In certain instances after some time has elapsed 
the Mtal capaatv returns to the preoperative level and may even exceed the 
same Two arcumstances explain this change, namely redistribution of the 
aerating space and decrease in the toxemia of the underlying process The 
first of these factors can be evaluated and by a standard technique the area of 
the two hemithoraces has been determined in a senes of cases before and after 
phrenic paralysis The several possibilities as revealed by this method are dis 
cussed. 

The Respiratory Metabolism of Acid Fast Bacteria as Influenced by Foodstuffs 
Narcotics and Mctlnlene Blue By R. O Loebel, E Shorr and H, B 
RiCHAansoN, New York, N Y 

Utiliration of foodstuffs by bactena of the acid fast group was desenbed in 
an earlier paper and the relation of the findings to the survival of the bactena 
within the body was discussed The substances which were associated with 
an increase in respiration included glucose, lactic acid, glycerol, soaps and 
lecithin Reasons were given for supposing that this increase denoted an 
actual consumption of the foodstuff in question rather than a non specific 
stimulus of oxidation Additional evidence has now been obtained on this 
point by the study of the respiratory quotient, as affected by two groups of sub- 
stances The first group consist^ of foodstuffs the second of substances 
which are known to affect oxidation without necessanly undergoing oxidation 
The latter group included the narcotics KCN and ethyl urethane, and in 
addition methylene blue. 

The organism used for the study was B phlei, the timothy badllus The 
bacteria, after remaining for several days on a non nutnent medium were 
transferred to fresh fluid with or without the substance to be tested. The 
54 
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R. Q Without nutriment was 0 75 to 0 81, with glucose 0 96 to 1 01, with 
sodium lactate 0 98 to 0 99, with sodium stearate and palmitate 0 74 and 077 
With one exception the quotients observed corresponded to the theoretical 
value of the substance in question This exception was sodium oleate which 
yielded quotients of 0 97 and 0 91, thereby resembling the second group of 
substances 

Both KCN and ethyl urethane caused, m addition to the expected inhibition 
at high concentrations, an increase in respiration in appropriate dilutions This 
occurred both in non-nutrient media and m 0 2 per cent glucose, but was not 
apparent in lipoids The respiratory quotients were 0 71 to 0 86 in the absence 
both of food and narcotic, 0 90 to 1 07 m the presence of KCN M/500 to 
M/5000, and 0 97 to 1 08 in 0 3 per cent ethyl urethane Methylene blue had 
an action like the dilute narcotic but less marked Since KCN can hardly be 
supposed to undergo oxidation, and since all three substances have the same 
effect on oxidation although they have nothing in common chemically, it is to 
be inferred that they act by increasing the oxidation of carbohydrate or other 
substance of high respiratory quotient 

In summary, the evidence from the respiratory quotient indicates that the 
foodstuffs tested are actually oxidized, in contrast to dilute KCN, dilute ethyl 
urethane, and 0 05 per cent methylene blue which stimulate respiration and 
cause a rise in the respiratory quotient, due probably to an increase in the 
oxidation of carbohydrate. 

The Hemoglobin and its Variations in the Blood of Normal and Anemic Per- 
sons By Wm P Murphy and (by invitation) I M Howard, Boston, 
Mass 

Studies of the hemoglobin in the blood and in crystalline form have been 
made Its minimal molecular weight and percentage composition of iron have 
been calculated 

These are discussed together with certain relations of the hemoglobin in 
the blood of normal and anemic persons, particularly as influenced by treatment 

The Hypothalamus and Blood Pressure Regulation By Louis Leiter and (by 
invitation) Roy R Grinker, Chicago, 111 

Various investigators have assumed the existence of a superior vasomotor 
center in the hypothalamus The experimental and clinical evidence for this 
hy^iothesis is meager, but the apparent demonstration of other vegetative centers 
in the diencephalon and the possible role of the hypothalamus in clinical hyper- 
tension seemed to justify another direct attack upon the problem 

In a large senes of cats, the hypothalamic region \vas stimulated with the 
faradic current after exposure of the base of the brain from above or through 
the roof of the mouth The site of the electrode was controlled histologically 
The type and degree of anesthesia and the strength of stimulus were varied 
The blood pressure and respiration were recorded and muscular movements 
carefully observed 

The results indicated that the blood pressure might rise, fall or remain un- 
changed during stimulation of the hypothalamus Almost invariably, however, 
increases in blood pressure were associated ivith convulsive movements The 
twm phenomena ran roughly parallel in degree, regardless of the area stimulated 
After the diminution or suppression of muscular activity by curare, no nse in 
blood pressure occurred upon exatation of the hypothalamus unless a very 
strong stimulus was used, in which event, the same result could be obtained 
from other parts of the brain 
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These experiments would seem to rule out the presence of a hypothalamic 
center, m the cat, for the regulation of blood pressure. 

The Control and Coniplete Reimsnon of Polycythemia Vera Following the 
Prolonged Adminutratwn of Phenyihydrastne Hydrochloride By H Z 
Giffin anH (by invitation) E. V Aixek, Rochester, Minn. 

A group of thirty seven patients with polycythemia vera, who were ob- 
served or given initial treatment dunng the years 1925, 1926, and 1927, has been 
reviewed in order to obtain mformation concerning the remote effects of treat- 
ment Twenty five of the patients received an initial course of phcnylhydranne 
hydrochlonde at home. Bnef abstracts of the records of seven patients, of 
whom adequate data were obtained and who had had an adequate amount of the 
drug, are presented The records of these seven patients illustrate the excellent 
control which may be obtamed, after tte initial course of treatment, by means 
of tlie administration of small doses of phenylhydraxine hydrochloride. The 
condition of three of the seven patients, after prolonged treatment, underwent 
complete remission, varymg from five months to one and a half years 

The toxiaty of phenylbydranne hydrochloride and the development of 
tolerance to the drug are considered After the imtial course of treatment it 
seems best not to allow erythrocytosis to recur but to keep the erythrocyte 
count and the blood volume under control with a sufilcient amount of phenyl- 
hydrazine hydrochloride each week, usually from 0 1 to OB gram 

A Rapid Method for Determining Magnesium in Blood and. Unite By 
Aethor D HmscHFELDEs and (by mvitatlon) Earl R. Series, Min- 
neapolis, Minn 

Kolthoff (1926) showed that traces of magnesium give a pink color with 
two yellow aendine sulpho dyes (Titan Yellow and Dayton Yellow) and that 
by comparison with a standard magnesium solution this reaction can be used 
for colonmetnc determination of magnesium Presence of calcium intensifies 
the color We have used this method for determination of magnesium in blood 
plasma, from which the calcium has been removed by a modified Kramer- 
Tisdall method. The determination is very rapid, and simple. The results 
check dosely with those obtained by methods of Denis and Bnggs, and when 
known amounts of magnesium are added to plasma the figures obt^ned check 
dosely By using a raicrocolonmeter magnesium can be determined accuratdy 
in 0 1 cc, plasma In nrme, uranium acetate must be added to remove phos 
phates and blood pigment as well as oxalatmg out the calaum after which the 
magnesium can be determined accurately 

Purgative doses of magnesium sulphate given to normal men, dogs or 
rabbits does not raise blood magnesium sigmficantly, but in nephrectomized 
dogs they cause blood magnesium to rise to 18 to 20 mgm. per 100 cc. plasma, 
and the dogs promptly go into coma Rabbits rendered nephrotic by HgClj 
react similarly and can be aroused by intravenous CaQ, NajSO^ does not 
produce coma in nephrotic rabbits It, therefore, seems probable that coma 
simulatmg uremic coma can be caused by Epsom salt purgation in patients with 
badly diseased renal tubules 

Study of the Gastnc Secretion in Hyperthyroidism Before and After Operation 
By W R. Berryhtu, and H A. Wfluams (introduced by M A 
Blankenhom) , Develand, Ohio 

Gastric analyses following histamine were done on fifty patients with hyper 
thyroidism before and after operation Before operation thirty four had an 
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achlorhydria, thirteen hypoacidity and three a normal acidity After the h 3 ’per- 
th>Toidism \vas relieved by operation, twenty-six patients with previous achlor- 
hydria were carefully followed, nineteen of whom had a return of normal 
aciditj The thirteen cases with h 3 'poacidity returned to normal This work 
shows a high incidence of achlorhydria in hyperthyroidism, but also a pro- 
portionately large return to normal acidity following the relief of the hyper- 
thyroidism 

The Degradation of Mycobacteria into Non-acid-fast Forms By F R. Miller 
(introduced by Gerald S Shibley), Qeveland, Ohio 

Six strains representing four types of mycobacteria were groivn in contact 
vath the Berkefeld filtrates from a non-acid-fast chromogenic strain of H37 
human tubercle bacilli These six strains included three strains of human 
tubercle bacilli, one stram of bovine tubercle bacilli, one strain of smegma 
bacilli and one strain of timothy grass bacilli From this treatment of acid- 
fast orgamsms seventeen non-acid-fast growths were obtained At first these 
latter were all quite similar, being made up of non-acid-fast coccoid and rod 
forms and showing small gray-white colonies in twenty-four to forty-eight 
hours on agar Four of these non-acid-fast groivths, so far, have again de- 
veloped acid-fast forms and colony formations similar to the parent strains 
from which they originated 

The filtrates of the chromogemc H37 organisms were sterile when plated for 
long periods of time on various media The growth of non-acid-fast forms 
also occurred when aad-fast organisms were cultured in contact ivith filtrates 
which had been autoclaved 

A further study of acid-fast orgamsms by microcultures of single cells in 
contact with both autoclaved and unautoclaved Berkefeld filtrates of chromo- 
genic H37 organisms is resulting in similar non-acid-fast growths 

Dtslribution of the Blood Entering the Coronary Arteries By A R Moritz, 
C L Hudson and E S Orgain (introduced by Elliott C Cutler), Qeve- 
land, Ohio 

In order to study the extent and distribution of tlie blood supply entering 
the coronar 3 ’^ arteries experiments were made by injecting an opaque substance 
into the coronar 3 arteries at a pressure of 220 mm Hg with the heart in situ 
The coronary arteries were cannulated by making a small slit in the wall of the 
aorta It ivas found that the substance injected into the coronary arteries 
filled the vasa vasorum of the aorta down to the level of the diaphragm, that 
the pericardium obtained a considerable proportion of its blood supply from 
the coronal^ arteries and that the diaphragm obtained a fair portion of its 
blood supply from the coronary arteries These vessels formed a rich anas- 
tomotic network over the organs mentioned It is felt that this distnbution of 
blood, particularly in the wall of the aorta and in the pericardium, is of sig- 
nificance, particularly in luetic aortitis and other diseases of the aorta 
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The Influence of Work and of Thvroxine on the Metabolum of o Dog By 
Waltes M Boothby, M D Rochester, Minn, 

The effect o£ eleven intravenous injections of 10 mgin of thyroxine each 
on the metaboliBin of a dog over a period of rune months was studied. The 
experiment— to be reported in full by Boothby, Buckley and Wilhelmj (J 
Physiol ) — was divided into three penods The first period lasting deven 
days, was without work and followed at least a year of confined cage hfe. In 
the second period of 115 days the dog was exercised on a treadmill. In the 
third period of sixty four days the exerdse was again omitted. Throughout 
the expenment the dog ivas on a constant weighed diet containing 2,93 grams 
nitrogen and 480 calones each day The nitrogen in the unne averaged 2 65 
grams and m the feces and hair shed into the cage 0.24 gram daily, total i ng 
2 89 grams daily Within the limits of expenmental error average nitrogen 
equiUbnum was maintained in all three periods Immediately following the 
injection of thyroxine there is a temporary negative nitrogen balance followed 
by a compensatory positive balance after which equilibrium is attamed. Dur- 
ing period (1) the average respiratory quotient for all days, except the first 
four after each mjection of thyroxine, averaged 0B2, for period (2), OBI and 
for period (3), 0 83 The dog lost weight in period (2) on account of the 
exetase , as he was in nitrogen equilibnum the loss of weight must have been 
due to loss of fat, the heat value of the fat corresponding to the loss in weight 
was calculated to be equivalent to the energy of the extra work, it was also 
calculated that this amount of fat would lower the average respiratory quotient 
from 0B2 to OBI as found experimentally Similarly, m penod (3) the dog 
gained m weight due to deposition of fat as nitrogen equilibrium existed the 
retention of this amount of fat would raise the average respiratory quotient 
from 0 82 to 0 83, as found experimentally Dunng the first four days after 
mjection of thyroxine the average respiratory quotient was decreased to an 
average of 077, 0.7S and 076 in the three period respectively, this decrease 
was greater than could be accounted for by the amdunt of fat needed to meet 
the increased energy requirements The increased excretion of nitrogen im 
mediately following administration of thyroxine was largely due to increased 
dimination of urea and to a slight extent to the elimination of creatine, the 
quantities of the other nitrogenous partition products did not vary significantly , 
the few days of compensating nitrogen retention was accounted for by a de- 
crease in elimination of urea. The decay curve of thyroxine is more irregular 
in dogs than m human beings, but within the limits of expenmental error it 
was consistent with the exponential form found in this laboratory for human 
beings Following exerase on the treadmill the decay curve dunng penod (2) 
decreased less rapidly than in the preliminary control penod and this effect 
continued throughout the third period again without exerase. Under the con- 
ditions of this expenment the total calongemc action of 10 mgm thyroxine 
averaged 220 calones in penod (1) without exerase, 449 calories in oenod (2) 
with exerase and 487 calories in penod (3) without exerase, 

B43 
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Experimciiial Exophthalmos and tts Relation to the Pathogenesis of Exoph- 
thalmic Goiter By Harry B Friedgood, M D (by invitation) and 
Allen M Boyden (by invitation), Ann Arbor, Mich (introduced by 
Cyrus C Sturgis, M D ) 

Faradic stimulation of the right superior cervical sympathetic ganglion in 
three dogs resulted in unmistakable unilateral exophth^mos, dilatation of the 
pupil and slight lacrimation, but both palpebral fissures widened perceptibly, 
especially on the right Resection of this ganglion induced rapid enophthalmos 
and myosis These changes were definitely demonstrated by a series of motion 
pictures of the experiment 

Exophthalmos, lid-lag and “ lid-spasm ” are infrequently seen in conditions 
other than exophthalmic goiter, for example, in essential hypertension and the 
“ functional ” psychoneuroses These eye signs are not diagnostic of Graves’ 
syndrome, but represent objective phenomena indicative of the state of tonicity 
in the sympathetic nervous system 

Increased nervous tension, secondary to any cause whatsoever, may be re- 
sponsible for a markedly elevated basal metabolic rate. The action of epi- 
nephrine, an activator of the sympathetic nervous system, is also characterized 
by a definite rise in the basal metabolic rate. These data suggest that the 
sympathetic nervous system may be at least partially responsible for the elevated 
oxygen consumption in exophthalmic goiter 

Tachycardia, tremor, abnormal sweating, emotional and vasomotor in- 
stability, exophthalmos and associated eye signs are among the cardinal signs 
of sympathetic nervous system hyperactivity The predominance of these 
nervous disturbances and the intensity with which they develop in Graves’ 
syndrome suggest that the sympathetic nervous system plays a paramount role 
in Its pathogenesis 

Metabolic Studies During Morphine Withdrawal from a Human Addict By 
Dwight C Ensign (by invitation) and Frank J Sladen, Detroit, Mich 
Clinical studies emphasize the psychic factor in explanation of the symptoms 
following withdrawal of morphine Studies upon animals, m which typical ad- 
diction may be produced, relate these symptoms to certain metabolic changes 
especially affecting carbohydrates and water Directly opposite results have been 
obtained by different workers Studies upon human subjects have resulted in 
similarly varying results The authors’ opportunity for study included a pro- 
longed period of observation of a patient with a minimal psychic factor The 
plan of treatment, precluding knowledge of reduction, was successful in avoiding 
the " before-the-next-dose ” abstinence reaction We report findings (1) be- 
fore withdrawal, (2) during reduction, and (3) during the period of major 
symptoms of abstinence Correlation of symptoms of withdrawal and findings 

A Clinical Study of the Cardiodynamics of Mitral Insufficiency and of Mitral 
Stenosis By Harold Feil, M D , Oeveland, Ohio 
A brief discussion of the cardiodynamics in experimental acute mitral in- 
sufficiency and in acute mitral stenosis is presented In a clinical study of fif- 
teen cases of mitral insufficiencgr without signs of achve infection or of failure 
the duration of the chief phases of systole and of total systole was normal 
Twenty-one patients with clinical evidence of mitral stenosis were studied Of 
twelve patients with normal mechanism eleven showed no deviation from the 
average duration of systole and of its chief phases , one patient with evidence of 
earlj cardiac failure had abbreviation of totd systole and of ejection Nine pa- 
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tients with auncular hbriUation all showed shortening o{ the ejection phase and 
of total systole Mitral insufficiency and mitral stenosis cause no change m the 
duration of systole and of its chief phases unless failure or auncular fibrillation 
are present when shortening of total systole and of ejection occur 

These findings are in agreement with findings in these experimental lesions 
and it may be assumed that the compensatory processes m animals probably 
operate identically in man 

Changes in the Electrocardiogram in the Course of Pericardial Effusion with 
Paracentesis and Pericardiotomy By John Hasvey, M D , and John W 
Scott, M D , Lexington, Ky 

In 1929 Scott, Feil and KAti reported the occurrence of the plateau type T 
wave characteristic of recent coronary occlusion in, ( 1 ) aneurysm ruptured mto 
tlie pericardium and (2) purulent pencardial effusion. Since then considerable 
interest has been shown m the occurrence of such T waves in conditions other 
than coronary occlusion Oinically it has been observed m pneumonia In the 
expenmental animal this type of T wave has been observed after coronary 
ligabon, after injection of toxic material into the muscle of the ventricle, after 
a toxic dose of digitalis, after the injection of fluid into the pericardium and dur- 
ing mduced general anoxemia 

Opportunity has been afforded to observe a case of pneumococcic pericarditis 
with massive effusion in which the plateau type T wave was present Dady 
electrocardiograms taken in the course of the illness extending over seventeen 
days, during which paracentesis and later pencardiotomy was done show mter- 
esbng changes with temporary return to normal five days before death Autopsy 
showed neither coronary nor gross myocardial lesions 

It is thought that these observations may have some beanng upon the relative 
importance of increased intrapericardial pressure and anoxemia as the cause of 
such electrocardiographic changes. 

Pneuinojicncardinm in the Treatment of Pericarditis with Effusion Bv M H 
Nathansoh, MX) , Mirmeapolis Minn. 

The literature contains comparatively few references to the therapeutic use 
of air m the pericardial cavity, only about twenty cases having been published 
In the present report two patients ivith the exudative type of tuberculous pen 
cardibs were treated first by the removal of fluid and later by the removal of 
flmd and injection of air One patient has been observed for fifteen months and 
at the present time has a low grade tuberculosis of the jientoneal cavity The 
other patient was first treated in 1923 and at the present time ts m apparent 
good health although there is some enlargement of the heart 

A review of the literature and the expenence in these two cases indicates 
the fotlowmg 

1 Pneumopencardiura can be earned out repeatedly without danger or dis 
comfort to the patient 

^ The immediate resuit as evidenced by decrease in dyspnea and by in- 
creased diuresis IS much better than that obtamed by removal of the flmd alone. 

3 As compared with simple removal of the fluid there is a distinct slowing 
in the return of the exudate with pnenmojiencardmm 

4 The procedure permits a beautiful visualisation on the roentgenogram of 
the pathology m the pencardium, the degree with which the sac is emptied by 
puncture, and the progress of the reaccumnlation of the exudate. 

5 Theoretically, the air, by keeping the inflamed surfaces apart, should re- 
duce the mechanical irritation and also tend to prevent adhesions This can only 
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be true m a degree as several cases m the literature which came to autopsy 
shoved extensne adhesne pericarditis and both patients in the present report 
show roentgenograms indicating adhesive pericarditis 

6 The possible curative effect of air on the exudate comparable to that 
vhich has been described in tuberculous peritonitis is suggested by the distinct 
impro\ement in the patient’s general condition, the change of the fluid from 
hemorrhagic to clear, and the reduction m the number of tubercle bacilli in those 
cases in which they had been isolated. 

Lwcr Damage Incxdetit to Diets Low m Protein By M Herbert Barker, 
M D , Chicago, III 

Dogs placed on a diet theoretically adequate in calories, mmerals and vita- 
mins but deficient in nitrogen gradually developed a fatty degenerative process 
in the liver This fattj' replacement became extensive if the diet was continued 
A hj'percholesterolemia developed early in the process and continued up until the 
animal’s appetite began to fail If protein was gradually added, the animal 
would usually recover Repair of the liver has been extremely slow and func- 
tional tests and biopsies show extensive parenchymatous damage still present 
after six months 

Weight Loss and Nitrogen Excretion of Obese Patients on Low Calorie Diets 
with High and Low Quantities of Protein By Robert W Keeton, M D , 
and Dorothy Dickson (by invitation), Chicago, 111 

Obese patients weighing from 100 to 150 kgm were hospitalized and studied 
m the following manner During a preliminary period of ten to fourteen days 
they were placed on diets containing 90 grams of protein and calories equivalent 
to their basal requirements This allowed the patient’s metabolism to become 
adjusted to this level of protein and his weight to become roughly stationary 
He was then placed for a period of six weeks on a diet containing calories 30 to 
48 per cent below his basal level and 90 grams of protein This was followed 
by a second penod of six weeks in which the diet contained 14 grams of 
protein and basal minus 30 per cent calories, and a third period similar to the 
first 

Eight patients were studied according to this plan Data has been secured 
on twelve other patients who were unable to remain through such a long ex- 
penraental penod 

Conclusions 1 Patients living on diets containing 90 grams of protein and 
calories from 30 to 50 per cent below their basal requirements for six weeks, 
ten weeks and twelve wrecks continued to lose weight uniformly throughout these 
periods 

2 Patients lost weight as well on diets containing 14 grams of protein, 
calones remaining the same as on diets w’lth 90 grams of protein 

3 Weight loss occurred when the patients were in positive and negative 
balance. The fluctuations in w'eight loss were not correlated with fluctuations 
in nitrogen balance 

4 These patients requisition extra calories from the stored fat and so main- 
tain their nitrogen equilibrium in the face of a severe caloric deficit. 

5 The patients w'ere more comfortable on the high protein diets 

Study of Disorders of Duodenal Motility By R. L Sensenich, M D , South 
Bend, Ind 

klechanical interference wuth normal duodenal motility, due to organic causes, 
produces retention and characteristic symptoms, and suggests that other phe- 
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for *T{mrpose of further investigafmB the assoaation ^ 

dtgerttve^i^mfort with deSnite functional Orders of 

Patients have been observed over a period of years ai^ possible or^nlc 
causes have been eliminated. Assooation of certain ^mptoms 
dehmte duodenal motor phenomena have been noted ThtM obse^tions hav 
demonstrated a tendency on the part of each patient to reproduce physical sig^, 
subjective symptoms, and x ray findings, according to his individual pattern, 
nhenever subjected to sufficient nervous stress or fatigue 

Charactenstic clinical symptoms observed, vaned from mild sens^ion of 
digestive malfunction to nausea and vomiting or violent cephalalgia. Disturb- 
ances of duodenal motility varied in degree and in the portion of the duodenum 
involved. Hypermofility changing points of irritability with delay, or spastic 
distal portion with duodenal distention and gastric retention were observed. 

The diagnosis must he made by fluoroscopic observation continued throughout 
a sufficient period of time, when symptoms are present This may be during 
transit of the barium meal or two to four hours later, when a small amount of 
barium must again be given to demonstrate the duodenal motility if the previous 
meal has passed. The significant diagnostic evidence is that the symptoms com- 
plained of are assoaated with the motor phenomena observed and are relieied 
when they cease. The use of small amounts of banum, suspended m water, best 
demonstrates the vanations of duodenal motility The recent work of Berg in 
bnnging the surface of the mucosa into relief m roentgen studies gives promise 
of being of some help in dlffierentiating organic duodenal conditions 


Turners of llie Suprarenal Gland By Ralpb G Ball, MD (by u»i 
and Leonakd G Rowktree, M D , Rochester, Minn. 

The vanous types of suprarenal tumors seen m the Mayo Clinic arc 
and correlated with the cases in the literature The senes indudes 
pseudohermaphroditism, hirsutism and vinlism. The clinical manif 
dear up subsequent to operation in many instances On the other hand, 
from suprarenal failure has resulted in numerous cases following operat! 
This It may be possible to avoid in the future with the use of the new supra ^ 
cortical hormone. 


CMm^ratm study of the cases of paragangliomata of Mayo-Rowntree, 
Shipl^-Pmoiff and Porter and Porter reveals stnking analogy in the historv 
Md dinical findings, in the operative results, and m the pathology of the tumor? 

hj^ertcnsion assoaated with medullary a^cortical tumors 
with and without changes in body configuration are renewed. Twenty-nine 
? collected from the literature m which there seems to be a rela- 

tionship between suprarenal tumor and hypertension 

eirtremely common ^ i^be inher JiyPi^rtension is 

r? r "" — - 

««.« Ti, ,< JS. ta 
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hypertension is no more striking than the lack of evidence of pathologic change 
in the pancreas m cases of diabetes mellitus We are forced, then, to the view 
that there is a small and speaal group of cases of suprarenal hypertension, or 
that the suprarenals participate directly or indirectly in the pathogenesis of 
hypertension 

An Analysis of the Lymphocyte in Pulmonary Tuberculosis By B K. Wise- 
man, M D , and C A Doan, M D , Columbus, Ohio 
The characteristics of the blood-cells in pulmonary tuberculosis have re- 
cently assumed increased importance Medlar, among others, has called atten- 
tion to the significance of variations in the neutrophilic leucocytes and Sabin and 
Doan have emphasized the importance of the monocyte, its qualitative changes 
and the value of the numerical relationship existing between both monocytes and 
lymphocytes as expressed by the M/L index. Work done in our laboratory has 
indicated that certain qualitative changes occurring in the lymphocyte consti- 
tute criteria of a life cycle in that cell in many ways comparable to similar 
maturative phenomena in the other blood cells This has led to the recognition 
of a lymphocyte formula that is rather constant in health Utilizing these 
criteria, it has been possible to analyze the qualitative changes in the lymphocyte 
portion of the M/L ratio Such studies in both clinical and animal tuberculosis 
indicate that the lymphopenia usually occurring m cases progressing unfavor- 
ably IS due to an inhibition of the maturative forces in the lymphocytogenic 
tissues, and is reflected in the blood by an abnormal lymphocyte formula 
Thus it has been found that while the M/L ratio is a valuable expression of an 
important numerical relationship between monocytes and lymphocytes, more 
complete information as to the progress of the tuberculous lesion can be adduced 
from an analysis of the qualitative changes in the lymphocytes and monocytes 
separately 

The Problem of Tuberculous Reinfection By R G Bloch, MD, and B F 
Francis, MD (by invitation), Chicago, 111 
The extensive use of the roentgen ray in the study of patients in our Chest 
Clinic has produced the material presented here Our findings support the re- 
cently reported evidence of others for the theory that the infra-clavicular region 
of the lung is the most common location of the earliest lesion of active and pro- 
gressive tuberculosis This lesion is found on the x-ray plate before physical 
signs are manifest, often while symptoms are still very mild or even absent 
The early lesion is more often found in the axillary half than m the medial half 
of the lung field, and vanes from a few millimeters to several centimeters in 
extent It also varies from the definitely circumscnbed and homogeneous lesion 
to a diffuse one mottled in appearance Occasionally excavation occurs and 
then it appears as an isolated cavity The prognosis of this type of lesion varies 
In many patients serial x-ray plates show a progressive disappearance even 
though no treatment is instituted, in others a long period of bed rest or collapse 
therapy is necessary Of course, only a comparatively small proportion of pa- 
tients are first seen in this early stage, most of them show more advanced dis- 
ease on the roentgenogram In these instances, when the apices are involved, 
the problem of the location of the early lesion arises This question is discussed 
Tuberculosis confined to an apex does exist and the pathological relationship be- 
tAveen this type and the infraclavicular infiltration is also discussed 

In many of our patients who had had recent contact with tuberculosis, the 
early infiltration was found on the x-ray even though no symptoms or physical 
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Eigns o{ any kind were present This led to the most important consideration 
o{ the study, the significance of the lesion from the pubhc health standpomt, and 
the part played by exogenous reinfection in the etiology of the adult type of 
pulmonary tuberculosis. In our opinion it mdicates first, that great attention 
should be paid to the isolation of patients with open tuberculosis from contact 
with adults, especially young adults, and second, that a good roentgenogram 
should be made of the chests of alt contacts regardless of the presence or ab- 
sence of symptoms or signs. 

The Copper, Non-Hemoglobinous Iron and AnMrypnn Contents of the Blood 
Serum tn Disease By Abthur Locke, PhX> , E R. Main, M.S., D O 
Rosbash, B S (by mvitation) and Edwin F Hirsch, M D , Qiicago, HI 
The iron content of the hemoglobin-frec serum of normal persons from 
whom food has been withheld for 12 hours varies from an average value of 05 
microgram per cc. for young men to a value of OB rmcrogram for young 
women Values of 1 4-1 5 microgram and above are found in the cord blood 
of newly bom infants Variable values are observed in disease. Conditions as- 
sociated with fever usually are characterued by a lowered serum iron level, and 
conditions associated with a retention of bilirubin with an increased iron level 
The high serum iron level associated with permcious anemia becomes corrected 
followmg the admimstrahon of liver extract 

The copper content of the blood serum of young men appears to be lower and 
more variable than that of young women, rangmg from a maximum of 0 9 to a 
tmmmum of 07 microgram per cc. The average Cu/Fe ratio for the blood 
serum of young women is 1 15/1, while that of young men appears to be 0 9/1 
The copper level is slightly lower m uncomplicated bilirubmemia and in un- 
treated hypothyroidism, markedly lower in the cord blood of newly bom infants, 
slightly higher in pernicious anemia and untreated diabetes and markedly higher 
in cancer, pregnancy, leukemia, advanced tuberculosis, hyperthyroidism, and 
acute toxemia. 

The capaaty of the blood serum to inhibit the proteolytic action of trypsin is 
roughly proportional to the copper level The amitrypsin content of potent ex- 
tracts of the Rous chicken sarcoma becomes separated into the tumor inhibiting 
fraction, whereas the metal content appears to accompany the tumor inducmg 
fraction upon Isoelectric fractionation. 

An increased Cu/Fe ratio of the blood serum may have the same significance 
in man that it has m certain marine forms acctistom^ to live in the lower levels 
of the sea, namely, an mcreased adaptation to oxygen ivant A lag in the rate 
at which oxygen is supplied to the metabolising tissues over the rate at which it 
has tended to become consumed would appear to have been present m all of the 
conditions in which the elevation of the Cu/Fe ratio was observed. 

A preliminary study of oxygen want in rabbits mamtamed m an atmosphere 
contaimng carbon monoxide has indicated the existence of two distinct effects 
upon the Cu/Fe ratio Rabbits responding with a compensatory increase in 
hemoglobin production and a parallel increase in the production of intracellular 
eniymes (as indicated by the greatly increased copper and iron content of their 
serums) appear to show almost no ^ift in Cu/Fe ratio Rabbits unable to pro- 
duce a compensatory increase m hemoglobin appear to show a nse in Cu/Fe 
ratio comparable to that observed in cancer and in acute toxemia 

Blood Cultures of Apparently Healthy Persons By Allan F Reith, Ph D., 
and Theodobe L. Squiee, MX) , Mdwaukee, Wis 
Blood culture studies have been made from a senes of 293 apparently healthy 
persons all of whom were actively engaged in their usual occupation. Each 
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person \%'as given a thorough physical examination including complete dental 
roentgenograms and examination of the prostate, sinuses, etc , for ei idence of 
infection 

After careful stenlization of the skin, blood A\’as withdrawn! from the cubital 
\ ein and 5 cc divided among three flasks of glucose brain broth to give dilutions 
of 1 100, 1 300 and 1 500 Cultures were examined after 7, 14, and 30 days, 
or as soon as growth became visible 

Bacterial gro!vth was obtained in 113 of 293 cultures Cultures containing 
streptococci, diplococci, diphtheroids, M catarrhalis, B coU, or obligatory 
anaerobic rods were considered positive Those containing only staphylococci 
were considered to be questionable All otliers were regarded as negative. On 
tins basis 65 cultures were positive (22 per cent), 28 were questionable (10 per 
cent), and 200 were negative (68 per cent) 

In the series, cultures were made from 194 persons with definite evidence of 
focal infection Of these 53 (27 per cent) gave positive and 124 (64 per cent) 
gave negative cultures The remaining 99 persons were without demonstrable 
foci of infection Only 12 of these (12 per cent) gave positive and 76 (77 per 
cent) gave negative cultures 

Joint or muscle pain, including chronic infectious arthritis diagnosed clini- 
cally in 7, was present in 24 persons Blood cultures were positive for strepto- 
cocci or diplococci in 10, or 42 per cent, of these 

A seasonal variation in the incidence of positive blood cultures from persons 
w'lthout demonstrable foci of infection suggests that acute respiratory infections 
may be responsible for some of the positive cultures 

The Intradermal Test in the Diagnosis of Tularemia By Lee Foshay, MD, 
Cincinnati, Ohio 

Intradermal injection of dilute suspensions of Pasieurella Udarensis provokes 
a lasting unequivocal skin reaction m all patients with tularemia. The reaction 
IS positive a week before agglutinins appear in the blood, occurring as early as 
the fourth day of disease It is invariably positive in tularemia, it is never 
positive in normal controls, it is not positive in any other disease within the 
limited experience to date, it becomes negative only when convalescence is com- 
plete 

Methods are described for preparing suitable antigens 

Modifications of the reaction caused by persistent subcutaneous treatment of 
three cases with adequate antigens wll be discussed 

A New Simple Method for Determining the Efficiency of the Peripheral Arterial 
Circulation By George W Scupham, M D , and Carl Johnson, M D , 
Chicago, 111 

The instrument used is a sensitive air pletliysmometer actuating a colored 
droplet of alcohol It is made in various sizes and shapes to fit the digits or 
other parts of both extremities Variations in volume of a digit with each 
cardiac impulse may be observed and measured This volume change is shoivn 
by the pulsation of the droplet m a graduated 1 cc pipette 

The character of the pulsation m normals is quite uniform under umform 
environmental conditions It is dimimshed or absent m thromboangiitis ob- 
literans and m arteriosclerosis dependmg on the severity of the occluding process 

The instrument is of diagnostic value, and useful m gauging improvement in 
peripheral arterial disease It is effectively and conveniently used on small 
members, hand, foot, or digit where the oscillometer fails 
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There are other possibilities to its usefulness There are increased pulsa- 
tions m aortic insufficiency, heart block and in penpheral vasoddahon. The in- 
creased pulsation of patients tvith fever is noteworthy 

A diminution m volume which occurs with respiration is interpreted to be the 
result of the aspiration due to inspiration and its effect on the venous return to 
the heart 

A method of permanently recording the movements of the droplet photo- 
graphically on a moving strip of bromide paper is bemg devised so that ac- 
curate measurement of its oscillation and of the contour of the wave may be 
made. 

Arlertolar Studies in Patxenis with Hypertensive Heart Disease without Hyper- 
tension By Emmet F Horine, M D., Moeeis M Weiss, MX) (by m- 
vitation) and Marion F Beard, M,D (by mvitaton), Louisville, Ky 
Biopsy speamens of the deltoid muscle were obtained from eleven individuals 
with cardiac enlargement but normal blood pressure and no other factor to ex- 
plain the enlorgemenL Histological changes of the artenoles similar to those 
encountered m known hypertensives were found m all Careful measurements 
of the artenoles of the specimens gave a ratio of wall to lumen from 1 lAl to 
1 070 similar to ratios found m known hypertensives and in marked contrast to 
the normal ratio of 1 2 Three pabents are now dead and one autopsy was ob- 
tamed in which a generalised artenolar sclerosis was found. The frequency 
with which hypertensives show arteriolar lesions of the voluntary muscles is dis- 
cussed A diagnosis of ' hypertensive heart disease without hypertension " may 
be confirmed by biopsy studies of the voluntary muscles 

The Effects of Enclosing the Kidney in a Rigid Cast By Samuel Soskih, 
M D , and (by mvitabon) Otto Sathie, MX) , Chicago, 111 
Kidneys were aseptically enclosed m game and collodium casts, care being 
taken to avoid interference with the blood supply or ureters When one kidney 
of an animal was so treated and the other kidney removed after several days or 
weeks, the animal mvariably died. If however, the cast ivas removed from the 
one kidney before the other kidney was extirpated, the animal often survived. 
These results, together with some chemical studies indicate that the presence of 
such a cast incapacitates the kidney, but leaves little permanent damage detect- 
able by ordinary means Those animals which do not sumve die without evi- 
dence of nitrogen retention in the blood. The manner in which the cast while 
in place, interferes with the kidney funebon, and the arcumstances of the death 
of some of the ammals after the cast is removed are suggestive of the existence 
of kidney functions with which we are not familiar 

Chronic Lymphatic Reaction or Atypical Leukemia, Two Cases of Pfine and Ten 
Years’ Duration By Edgar T Herrmann, M.D., St Paid, Minn 
Origin and function of lymphocytes — probable defense r61e — classificahon of 
lymphatic reacbons (slide) — exerase lymphocytosis (slide) — five types of lym- 
phatic reacbon (slide) — two cases under discussion (slide) — case of subacute 
aleukemic leukemia with hemorrhagic diathesis (slide) shown m contrast to 
previous two cases The cases under discussion are both over seventy years of 
age and for ten years have shown no splenic or glandular enlargement of any 
kind. Total leucocyte counts have varied between 16 000 and 25,000 with a 
preponderant percentage, from 60 to 80, bemg lymphocytes A study of the 
slides by Dr Downey has failed to establish the diagnosis of chronic lymphabc 
leukemia. 
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Aleukemic Myelosis with Osteosclerosis By J F Bredeck, M D , and D H 
Stephens^ M D (introduced by David P Barr, M D ), St Louis, Mo 
The report of Henck in 1879 of two cases of leukemia witli bone changes has 
been followed by infrequent descriptions of generalized osteosclerosis of tlie 
skeleton accompanied by leukemic infiltrations of viscera wtli leukemoid periph- 
eral blood picture in the presence of normal or slightly elevated total count 
Two such cases in adults are described The disease is apparently primarily an 
affection of bone, with compensatory myelogenous activity m extramedullary 
blood forming organs 

A Comparison of the Newer Methods of Testing Renal Function By J M 
Hayman, Jr , M D , Qeveland, Ohio 

The creatinine test of Rehberg, the urea clearance test of Van Slyke, the 
serum sulphate level, together with the phenolsulphonphthalein excretion, con- 
centration tests, etc., have been run on a group of normal and nephritic patients, 
and the results scrutinized in the light of pathological findings and, where pos- 
sible, with count of the number of glomeruli in the kidneys It is concluded 
that by the use of several of the tests, particularly a combination of creatinine 
and urea clearance, a more detailed picture of kidney function can be obtained 
than by any test alone 

Nature of Fibrillation and Flutter of the Heart By L N Katz, M D , and (by 
invitation) W A Brams, M D , Chicago, 111 
Several theories have been advanced to explain fibrillation and flutter of the 
heart The two most widely accepted theories are the single pacemaker theory 
and the “ circus movement ” theory of Lewis 

Our experiments were planned to test the validity of these theories For this 
purpose, electrograms of the exposed ventricles and of the exposed auricles were 
made during fibrillation and flutter The ventricles were severed during the 
fibrillation and it was found that the two isolated chambers continued to fibril- 
late at approximately the same frequency as before Similarly, in the case of the 
auricle, a crushing damp was employed to completely separate the two chambers, 
with the same result 

These results are incompatible with the two foregoing theories 

The Value of the Audiometer Test in Neuro-Syphilis By Leon Bromberg, 
M D , and Robert D Smith, M D (by invitation), Chicago, III 
Using a 2-A Westmghouse audiometer, curves were recorded on 100 un- 
selected consecutive cases under treatment at the Public Health Institute At 
the time these observations were made, the otologist was not informed about the 
dinical history or serologic findings of the patient The test conditions were 
entirdy standard for all patients, and were wdl controlled. 

A careful review of these cases has shown a remarkable correspondence be- 
tiveen defects in the upper vibratory tone range (1024 to 8192 double vibrations 
per second) and dinical or laboratory evidence of neurosyphilis Considering 
the predilection which syphilis shows for the auditory nerve, the authors bdieve 
that the audiometer test offers highly useful supplementary evidence of invasion 
of the nervous system The test is particularly valuable in cases where an ex- 
amination of the cerebrospinal fluid is not feasible Changes in the audiometer 
curve may also offer a useful index of response to treatment The patho- 
physiology of the auditory defect is briefly discussed, and the authors present a 
few illustrative slides of characteristic audiograms and case histones 
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Organisation of a Convalescent Scrum Center and a Preliminary Report of 
Some of the Results in the Use of Several Convalescent Serums By S 
O Levinson, M.D (by invitation), Clarice McDoucall, M D (by in- 
vitation), and William Thalhimee, MJ) , Chicago, HI 
A brief descnption of the organiiation of a serum center An outlme of the 
necessary equipment and personnel and of the cooperation necessary for securing 
and distnbutmg serum from patients recovered from poliomyelitis measles, 
chicken pax, scarlet fever, etc. A brief preliminary report of some of the re- 
sults m prophylaxis and therapy 

Uric Acid Excretion as Influenced by Ultraviolet Light By M G Peter- 
man, MJ) , Milwaukee, Wis 

A group of thirty-eight convalescent children has been studied to determme 
the effect of sunshme, artifiaal quarti light, and indoor life on unc aad excre- 
tion of these children on normal and on high punn diets Unnes were collected 
during these vanous periods and the total unc acid excretion determined. No 
Eigmficant vanations were noted m the amount excreted under these conditions 

The Relaiton of the Pain of Peptic Ulcers to Gastric Acidity and MotSity By 
Jacob Meyer M D , Dorothy Fetter, M D (by mvitabon), and Alfred 
A Stradss, M D , Chicago, 111 

Studies of epigastnc pam in relabon to gastric aadity and gastnc motility 
were made in 24 patients Palmer’s acid test %vas used and the gastric motility 
was studied by the balloon method. 

In eight of fifteen patients with ulcer, pam occurred in response to the In- 
jection of hydrochlonc acid and had no rdation to the gastnc motility 

In six of the other ulcer patients, pain occurred synchronously wth gastnc 
contractions and not m response to aad stimulation 

In nine cases of epigastnc pam with no demonstrable lesion of the stomach 
or duodenum, six reacted positively to the aad test Pam did not occur svn 
chronously with gastric contractions in any of these cases 

In four patients with gastnc and duodenal ulcer, operation under local 
anaesthesia, direct application of dilute HQ in varying strengths, of 0 5 per cent 
1 per cent and 5 per cent resulted m negative pam response. Two of these were 
acid positive by the Palmer test and two were definitely positive by the mohlity 
test 

The results indicate that hydrochlonc aad is not responsible for the pam m 
all cases of peptic ulcer Hunger contractions or motility is undoubtedly an 
equally important factor The positive aad response m cases without intrinsic 
gastric and duodenal lesions, as In gallbladder disease, chronic appendiatis and 
gastnc neurosis, would indicate the unrehability of the acid test as a diagnostic 
test of gastnc and duodenal ulcer 

Negative Results with the Dye Method m Showing Blood Dilution By Wil- 
liam H Holmes, M D , and J R. Miller MX) , Qiicago, 111 
Fifteen hundred cc. of 0 9 per cent sodium chlonde solution were given m 
travenously to dogs, in which a normal blood volume value had previously been 
established. Blood volume determinations made immediately following the ad- 
ministration of flmd faded to show an increase in volume. Blood counts, 
hematocrit readings, and total protan determinations all mdicated definite dilu- 
tion. 
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Chrome Idiopathtc Hemoglobin Deficiency Anemia By Charles H Wat- 
KI^s, M D , and Herbert Z Giffin, D , Rochester, Minn 
This paper is chiefly a consideration of the clinical manifestations of chronic 
hemoglobin deficiency anemia in which a definite etiological factor has not been 
discovered, as exemplified in a study of more than one hundred cases The 
syndrome has been described in the literature under various names — chronic 
chlorosis, chloranemia, hypochromic anemia with achlorhjdna and simple 
achlorhydric anemia Some of the clinical considerations are as follows The 
occurrence of achlorhydna, the presence of acid after histamine, the number 
of cases that show normal acidity or hyperacidity, the occurrence of menor- 
rhagia, glossitis, stomatitis and paresthesias It is clearly demonstrated that 
the clinical syndrome of chronic idiopathic hemoglobin deficiency anemia is not 
necessarily accompanied by achlorhydria 

Blood Glucose Clearance Determination by a Microinierval Technique By 
Richard M McKean, M D , Detroit, Mich 
Short-interval blood sugar studies were carried out on 100 normal subjects, 
mild diabetics, severe diabetics, and individuals suffering from hyperthyroidism, 
following the intravenous injection of 0 2 gram of glucose per kilogram body 
weight. They showed that the maximum blood sugar levels were reached 
vnthin 3 to 7 minutes, and the 15-minute curve of assimilation was similar to 
that observed in the 3-hour period following oral administration of glucose 
This method offers certain advantages over the oral method of glucose tolerance 
determination, chiefly in the amount of glucose administered, time required for 
the test, elimination of the enteral absorption factor, and added comparability 
of resultant curves 

Eosinophilia Due to the Adminisfrahon of Digitalis By Abigail E Smith, 
M D , and Stanley R Benner, MD (introduced by D P Barr, MD), 
St Louis, Mo 

A case of decompensated heart disease being treated with digitalis showed 
an eosinophilia of 25 per cent during administration of the drug While the 
drug was withheld for 3 weeks the eosinophile count dropped gradually to 11 
per cent Upon resuming digitalis administration the percentage of eosmo- 
philes rose promptly to 30 per cent References to " digitalis eosinophilia ” are 
found in the foreign literature The phenomenon is discussed as a possible 
effect of vagus stimulation by the drug digitalis 

Incidence of Organic and Functional Disease in Patients Whose Symptoms are 
Chiefly Abdominal By S F Adams, M D , Rochester, Minn 
This study was undertaken in order to find out how many people with 
“ stomach trouble ” as their chief complaint had organic disease 

These people were sufficiently concerned about their trouble to travel from 
three blocks to three thousand miles for advice None of these people was 
referred by a physician 

The preliminary survey showed that 39 per cent had organic disease and 
that 52 per cent had no lesion of the stomach, biliary tract, pancreas, or bowel 
A few were undiagnosed, there were 9 per cent in this so-called “indeter- 
minate” group 

Further Experience unth Hypennsulinism By Frank N Allan, M D , 
Rochester, Minn 

At the meeting of the Central Society for Qinical Research in 1928, ob- 
serv'ations on three cases of hypennsulinism were reported Five additional 
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cases have since been studied A review is given of investigations in the 
series of eight cases The diagnosis is discussed from clinical and laboratory 
standpoints. In seven cases operation was performed The results of medical 
and surgical treatment are presented. 

Prolonged Treatment of Polycythemia Vera unlh Phenyihydractne By Edgar 
V Aixen, M D,, and Herbert Z. Giffin, M D , Rochester, Minn. 
Detaded records are available regarding eleven patients with polycythemia 
vera who have been treated with phenylhydraiine since 1925 Survey of these 
data shows that in most instances the erythrocyte count can be maintained at a 
nearly normal level with small amounts of phenylhydraeine taken two or three 
times a week, or one day out of each week. 

In three instances the patients had some difficulty in regulating the dosage 
with the result that the er^rocytes were occasionally too high or too low 
Four patients have been able to dispense with the use of phenylhydrazine 
with no return of the polycythemia after they have used the drug m the manner 
mdicated above for period of two or three years The remaining patients have 
found It necessary to continue with the phenylhydranne but have controlled the 
polycythemia satisfactorily from the standpoint of the number of erythrocytes 
and the symptoms usually associated with this disease. 

There is no evidence from a clinical standpoint that the prolonged admin- 
istration of phenylhydraiine does any damage to the organs of the body, but 
laboratory records were not avadable 

There is no evidence from our study that patients acquire a tolerance to 
phenjlhydraane, mcreasmg doses of the drug are not necessary 

Lipoid Neptirons and the Nephrotic Syndrome By E. G Bannick, M.D , 
Rochester, Minn. 

This report does not embrace a review of the literature on this subject since 
this has been presented repeatedly and quite recently It is a summary of the 
author’s personal expenence with this problem together with an analysis of 
practically all the adult patients presenting the nephrotic syndrome that have 
been studied at the Mayo Qimc ^tween the years 1921 and 1930, inclusively 
In most instances a fairly satisfactory follow up record has been obtained. 

Speaal necropsy studies have been made in conjunction with Dr N W 
Barker and Dr D I.. Wilbur on the pabents m this group that died at the 
clmic dunng this penod None of the necropsy cases represent the primary 
uncomplicated form of Iipoid nephrosis in its stnetest analysis, and yet m 
several instances the evidence of associated nephnbs was so slight that very 
careful study itos necessary to detect it In these cases the pathological find- 
ings were pracbcally idenbcal ivith those of lipoid nephrosis that have been 
reported in the hterature. The alight changes noted in the glomendi, even in 
this group and by speual stains, were not suffiaent to warrant the assumphon 
that so-called lipoid nephrosis is a form or stage of glomendonephribs How- 
ever, the not infrequent associahon of the nephrotic syndrome with true glo- 
memlonephnbs, and the fact that the kidney even in pure lipoid nephrosis shows 
the same pathological picture and is the only organ which is consistently in 
volved serve to prevent disorang iipoid nephrosis enbrely from renal diseases 
and considering it a general metabolic disturbance On the other hand, the 
extra renal factors are so pronounced that pathological studies of the kidneys 
have thus far failed to offer a sahsfactory solubon to the problem 

From a climcal standpoint also uncomplicated lipoid nephrosis is rare, but 
there IS not the pauaty of cases for study that the pathologists note. At least 
55 
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thirty cases have been studied at the Mayo Qinic during the years mentioned 
and have been so classified only after close analysis and strict adherence to the 
critena that have been generally accepted Most of these cases have subse- 
quently improved and several have made complete recovery A considerable 
number of borderline cases have been excluded, perhaps unnecessanly, because 
of a slight deviation from the normal criteria which have been rather arbi- 
trarily established The more evidence there is pointing to an associated 
glomerulonephritis, the poorer the prognosis becomes 

Skin Tesfs in Chrome Ulcerative Colitis By J C T Rogers, MD (by invi- 
tation) and J Arnold Bargen, MD, Rochester, Minn 

To a series of normal controls were administered antigens prepared from 
the diplostreptococcus of chronic ulcerative colitis, streptococcus fecalis and 
the enterococcus by mtradermal injection Another series of fifty-six un- 
selected patients with chronic ulcerative colitis were injected with the same 
antigens, intradermally, and the results recorded at intervals Positive skin 
tests became negative during the administration of the specific antibody solution 
(concentrated serum) and coincident with the clinical relief of symptoms of 
colitis 

The Tobacco Factor in Thromho- Angiitis Obliterans By Nelson W Barker, 
M D , Rochester, Minn 

A study of the consumpbon of tobacco m 350 cases of thrombo-angiibs 
obliterans as compared with that in 350 control cases disclosed that there were 
many more heavy smokers in the first group than in the second However, the 
small but definite number of cases of thrombo-angiibs obliterans in which the 
pabents had never used tobacco or used only small amounts, raises the question 
of whether tobacco may be a direct ebologic factor m the disease There is 
some stabsbeal evidence to show that the disease tends to be more malignant 
if pabents are heavy smokers, and that recurrences are fewer if the consump- 
tion of tobacco IS decreased or stopped 

On the Pathogenesis of Angina Pectoris ivith Special Reference to Its Asso- 
ciation with Certain Severe Anemias Report of a Case of Angina Re- 
sulting from Severe Posthemorrhagic Anemia By Moses Barron, M D , 
Minneapolis, Minn 

Exact pathogenesis of angina pectons is still undetermined Albutt’s aorbe 
hypothesis is falling into discard. Jenner’s coronary basis is most likely the 
correct one The anatomical basis, postmortem findings Experimental sup- 
port for coronary narrowng by Sutton and Lueth Coronary spasm in 
ischemia Anemia of muscle is the cause Wenckebach's recent hypothesis of 
thinning and distension of muscular coats in arteriosclerosis Angina pectoris 
IS occasionally associated with severe anemias as reported by Herrick, Willius 
and Griffin, and others 

In all available literature no case is reported of angina associated with acute 
posthemorrhagic anemia All anemias in the reported cases, whether per- 
nicious or secondary in type, are chronic. 

In this study the angina followed immediately upon a severe gastrointeshnal 
hemorrhage. 

Detailed report is given of a case with blood studies and electrocardiagrams 
With the disappearance of the anemia, the angina disappeared and the pabent 
returned to his usual occupabon 
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j4ti Inorgantc Standard for Hemoglobin Dctcnmnmations By A P Bwgcs, 
M D , St Louis, Mo 

A solution which matches the aad hematm solution ordinarily used for 
colonmetnc determination of hemoglobin has been prepared by adding small 
quantities of copper sulfate, chromium sulfate, and cobalt sulfate to a solution 
of fernc sulfate. The color matches acid hematm somewhat more closely than 
the Newcomer disc, has a known chemical composition, and its color value is 
permanent. Compared with aad hematm with the aid of a spectrophotometer 
roughly parallel extinction coefiScient curves were obtained. The solution has 
been standardized by comparison ivith the aad hematm color of various bloods, 
the hemoglobin content of which had been calculated from iron determinations 

Acidity Patterns of Gastric Iince Obtained by Continuous Aspiration By 
Cbailes L. Bbown, M D , and Fmedbich Engelbach, M D (by invi- 
tation) , Ann Arbor, Mich 

A method of continuous aspiration of gastric contents is described His- 
tamine was administered but no test meal was given. These studies are 
presented under two headings (1) The acidity pattern of the gastnc jmee 
obtained from the same individual (normal) under similar expenmental ar- 
cumstances on different days. Ten or more observations are made in each 
case. It was found that the acidity curve may vary considerably in some re- 
spects at times In general, however, the peak of the acidity curve was reached 
essentially at the same time after histamine administrabon dunng each ob- 
servation (2) The aadity pattern of the gastnc juice obtained from the same 
individual on different days, but having graded doses of histamine. From these 
studies it would seem that the usual dose of histamine may be larger than 
necessary 

Nutrition of Sick Children By M G Petebman, MT)., Milwaukee, Wis 

This investigation was a study to determine the food requirements of chil- 
dren sick in the hospital wth chronic diseases, particularly tuberculous bone 
lesions A particular interest was in the effect of diets with high fat, aad ash, 
or basic ash, and the influence of NaQ Twelve children were studied lor a 
penod of nine months All of the necessary procedures such as physical ex 
aminatian blood counts, unnalysis, etc , were made. The patients were 
weighed and measured once a week. 

The Sauerbruch-Hertnannsdorfer diet has been recommended for tuber- 
culous patients This diet was reported to be a basic ash (but actually found 
to be an aad ash), low NaQ, high fat, high mineral, and high vitamin feeding 
There ivas no striking climcal improvement in our study in any one pen^ 
on any particular diet. The food requirements were found to be approximately 
those for normal, well, active chddren From our study it appeared that the 
ideal diet for sick children was a basic ash, high vitamin, high mineral, at- 
tractive diet 

The Vasodtlaling Effects of Alcohol By George E. Brown, M D , and Ed- 
ward N Cook M D (by invitafaon) , Rochester, Minn. 

Various drugs have been tested for thar vasoddating effect on the peripheral 
arteries The most effective of them has been ethyl alcohol administered by 
mouth this produces well-defined, prolonged vasodilation as measured by the 
surface temperature and the elimination of heat Its action in a high per- 
centage of cases of arteriosclerosis shows sharp vasoddation m the affected 
extremities 
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A Study of Proportional Heart Weights m Human Subjects By James G 
Carr, M D , and Victor Levine, M D (by invitation) Chicago, 111 
Hermann in 1925, on the basis of extensive experimental work, recommended 
a method for the preparation of hearts and the separation of the ventricles 
preliminarj to weighing the ventricles Following Hermann's method fifty 
human hearts have been prepared and weighed This group includes hearts 
which are normal and hearts representative of the common vaneties of cardiac 
disease. The relationships of the ventricles to each other, to the total heart 
weight and to the body weight have been determined and are presented 

The Coexistence of Pernicious Aueniia and Carcinoma of the Stomach By 
H Milton Conner, M D , Rochester, Minn , and Ivar W Birkeland, 
MD (by invitation), Seattle, Wash 

Eighteen cases are reported from the Mayo Qinic in which there arose the 
question of the coexistence of carcinoma of the stomach and permcious anemia 
In seven cases, the diagnosis of both permcious anemia and carcinoma of the 
stomach in the same individual seemed reasonably certain, m five cases, the 
existence of caremoma of the stomach seemed practically sure and that of 
perniaous anemia probable, in two cases, the diagnosis of carcinoma of the 
stomach depended almost entirely on roentgenologic examination, but the exis- 
tence of pernicious anemia ivas probable, m four cases, tbe existence of car- 
cinoma %vas reasonably certain and pernicious anemia was possible 

Extract of Livers of Codfish in the Treatment of Pernicious Anemia By H 
Milton Conner, M D , Rochester, Minn 
Hansen and Stubb used livers of codfish in the treatment of permcious 
anemia m five cases with good results An extract was not so efi5cacious 
Connery employed an aqueous extract of livers of codfish in six cases with 
an effect comparable to that obtained with mammalian liver and its extract 
In this study an aqueous extract of codfish livers has been given to ten 
patients, two of whom had the liver extract only a few days because of intol- 
erance, and one of whom was ambulant Seven patients were studied in the 
hospital 

In an average of twenty-seven and six-tenths days in the hospital, the 
average of the erythrocytes of these seven patients increased from 1,710,000 
to 3,390,000, the hemoglobin from 39 7 per cent to 67 6 per cent, and the leuco- 
cytes from 5,200 to 7,800 The mcrease in erythrocytes averaged 426,000 a 
week The reticulocytes rose in one case to 30 4 per cent and the average 
height of the peak of the reticulocyte curve was 12 per cent of the total number 
of erythrocytes The general condition was equally improved Too few pa- 
tients were observed to justify any conclusions regarding the effect on the 
nervous sjstem, although there was some subjective improvement of three of 
the four patients who had subacute combined degeneration of the spinal cord, 
but this improvement was not marked during the short stay in the hospital 

Some Qualitative Differences in the Action of Certain Commercial Digitalis 
Preparations By G K Fenn, M D , and N C Gilbert, M D , Chicago, 
HI 

In the course of an investigation on the effect of digitalis upon the coronary 
flow, it was observed that m addition to a difference in action on the coronary 
arteries, there was also a difference in the action of certain preparations on 
the conducting tissues, upon muscular irritability, and in the mode of death 
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These points were worked out in a separate senes of animals and are re- 
ported upon ‘ 

A Study of the Effect of Sodium Fluondt on the Don't Thyroid By Ijeo 
Gottixib, M.D (by invitation), and Samuel B Grant, M D , SL Louis, 
Mo. 

A relatively small number of dogs, with one lobe of the thyroid removed 
from each dog as control gland tissue, were given sodium fluoride either by 
mouth or intravenously, and the remaimng lobe of the thyroid removed after 
vanous intervals and vanous dosages The iodine content of the control gland 
and the gland after administration of fluonde showed no constant change, and 
there were no gross nor microscopic alterations m the structure of the gland. 

Li. Goldemberg and others have been able to produce goiters and a condition 
resembling myxedema in sheep, guinea pigs etc Goldemberg has also used 
fluonne in the treatment of exophthalmic goiter 

Changes in Haemodynamics under Physiological and Pathological Conditions 
Bv W F Hamilton, M D , J W Moore, M D , and J M Kinsman, 
MX) , Louisville, Ky 

Vanous conditions which result in an increase in stroke volume of norma! 
men and ammals cause also a marked and quantitatively measurable increase 
in the intrathoraac blood volume. This is brought about through the increased 
left ventncular filling pressure on the elastic lung capillanes 

If the left ventncle is weakened through disease (congestive failure) an 
increased filling pressure is necessary to get a more or less adequate stroke 
volume (Starlings law of the heart) This mcrease in left ventricular filling 
pressure results in a marked and quantitatively measurable engorgement of the 
intrathoraac blood spaces The stroke volume and the intrathoraac blood may, 
ather one, approach the normal but the relation between them is strikingly 
different from the normal 

On recovery from decompensation the greatest and most constant change is 
a movement toward normal of the ratio between stroke volume and heart lung 
blood volume. The stroke volume, the mmute volume and the heart lung blood 
volume may increase, decrease or remain unchanged. 

The mean arculation time, — the time from the middle of the injection penod 
to the center of gravity of the time concentration curve — is always increased 
m congestive heart failure, returning toward normal on compensation 

The total blood volume (vital red method) is almost uniformly increased by 
twenty per cent or more in congestive heart failure. 

These considerations are illustrated by spot diagrams embodying the results 
of 100 experiments on man and 50 experiments on the dog 

The Ocatrrence of Free Hydrochloric Acid i» the Gastric Content of Patients 
•with a Macrocytic Hyperchromaiic Type of Anemia By Frank J Heck, 
MX>t Rochester, Minn 

The occurrence of cases of macrocytic hyperchromatic anemias, other than 
pernicious anemia, in this country is unusui The two cases reported here 
both were men, one aged 25 and the other aged 60 In both cases there was a 
severe degree of anemia with an average red count of 2,000 000 Test meal 
analysis showed the presence of normal amounts of free hydrochlonc aad In 
the first case there was rapid improvement when the patient was treated with 
SIX tubes of Lilly’s hver extract per day A reticulated erythrocyte response 
simdar to that of pemiaous anemia was seen in this case. Within five weeks 
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time the blood count had returned practicall} to normal At the end of one 
jear the blood count was normal, although the patient was taking only one tube 
of Lillj’s luer extract per day In the second case, on mixed treatment, using 
iron and luer or liver extract there was definite improvement However, as 
soon as the liver or liver extract ^vas discontinued there was a relapse both dm- 
icallj and from the standpoint of blood count 

Morphologically these two cases showed all the findings common to per- 
nicious anemia and it is important to point out that it is necessary to have other 
corroboratue evidence for a positive diagnosis of pernicious anemia 

Thrombo-Angittis Obliterans in Women By Bayard T Horton, M D , and 

George E Brown, M D , Rochester, Minn 

Thrombo-angiitis obliterans is an ocdusive vascular disease which usually 
affects men between the ages of twenty and forty-five years The literature 
contains two acceptable reports of cases of this disease m females Although 
more than 600 cases of thrombo-angiitis obliterans have been observed at the 
Mayo Qinic the present report of eight cases is the first senes of cases of 
women to be put on record, the diagnosis in two of these cases was proved 
pathologically We know of no other disease in which common tissues are 
invohed, such as veins and artenes, in which the disease is so nearly ex- 
dusivdy confined to one sex A satisfactory explanation of sex distnbution 
in this disease has not been determined 

Effect of Liver Extract Intravenously on the Blood of Patients with Pernicious 
Anemia By Raphael Isaacs, M D , S Milton Goldhamer, M.D (by 
invitation) and Cyrus C Sturgis, M D , Ann Arbor, Mich 

Liver extract was given intravenously to two patients and four-hourly 
blood studies were made throughout the day and night for deven days The 
first evidence of a reticulocyte increase was in 28 to 43 hours, the calculated 
maximum reticulocyte percentage (on the basis of the oral method) was reached 
in 68 hours, the actual maximum in 88 to 108 hours, the return to normal was 
m 20 days after one dose Although the dosage was 0 1 gram per kilogram 
body weight (total 6 grams in one patient, 10 grams in the other), the maximum 
reticulocyte rise was greater than the calculated response for 6 vials (27 grams) 
of liver extract daily by mouth or, for the penod studied, 297 grams The 
symptomatic improvement Wcis very prompt and did not differ from the usual 
response to liver extract or ventnculm by mouth These results were con- 
firmed by 84 subsequent intravenous injections in 24 patients with pernicious 
anemia 

Studies on Mercurial Diuresis The Effect of Ephednne in Enhancing the 
Action of Salyrgan By Carl A. Johnson, MD, and R- H Young, 
M D (by invitation), Chicago, III 

The authors have attempted to show by accurate animal expenments that 
ephednne enhances the action of salyrgan by increasing the blood supply to the 
kidney through vasodilation of the kidney vessels and increased cardiac output. 

Dogs anesthetised with Na barbital were used throughout the work Both 
ureters were cannulated and simultaneous records of blood pressure and urine 
flow were made 

Ephednne was injected at various intervals before and after the salyrgan 
injection The optimum time for injection of ephednne to promote maximum 
diuresis was about one-half hour after the salyrgan injection Under these 
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conditions ephedrine increased the nnnary output following the salyrgan from 
about 8 cc per half hour to 40 cc. per half hour 

The authors fed that this method of induang diuresis may be valuable m 
overcoming the reOex anuna often seen clinically 

CiiHtcal Obstrvaiwns on Oxygen TIterapy in Heart Disease By W W Ham- 
burger, M.D L N Katz, M D , and (by invitation) S H. Robinfzld, 
M.D , Queago, 111 

Six patients with heart disease were treated with 40 per cent oxygen eight 
times with dinical improvement three times Two of these patients had severe 
acute anoxemia assodated with heart failure. Qinical improvement occurred 
twice in three oxygen treatments One good result was obtained out of five 
treatments m the four cardiac patients with long standing heart Insuffiaency 
and mild anoxemia One of the patients died in the oxygen room, and another 
soon after removal from the oxygen tent No stnWing diuretic action was 
noted such as reported by Barach. 

The most constant changes, aside from the alteration of the composition of 
the arterial blood, noted in the patients while in the oxygen rich environment, 
were a slowing in heart rate and a diminution in the minute volume of respira- 
tion These changes also occurred in the control and non cardiac cases studied. 

Absorption from the PUiiral Cavity of Dogs II The Lymphatic System 
By Wuxis S Lemon, MJ) , and (by invitation) George M Higgins, 
M D , Rochester, Minn 

A graphite preparation was injected into the pleural space of dogs This 
provided a means for the study of the functional lymphatic system of the dog s 
thorax. 

The lymph nodes arrange themselves naturally into two mam groups 
panetal and visceral The panetal group comprises the sternal, the vertebral, 
and the diaphragmatic nodes , the visceral group includes the mediastinal, pul- 
monary, tracheobronchial and tracheal nodes 

The lymph drainage associated with these nodes may be grouped into six 
routes, two of which conduct lymph caudad and four cephalad. On the dorsal 
wall of the thorax lymph vessels pass caudad and empty Into a large lymph 
node which lies dorsal to the anterior pole of each kidney Efferent vessels 
from these nodes lead directly into the astema chyli The cephalad lymph 
drainage along the dorsal median line is less easdy demonstrated than the caudad 
one. Intercostal segmental collateral vessels are not constant, although they 
are far more nearly constant on the right than on the left side. On the right 
the collecting channels empty into the caudad tracheal group of nodes, on the 
left they empty into the mediastinal group of nodes 

On each side of the sternum the lymphatic drainage system from the ventral 
pleura compnses a senes of segmental channels which converge to form an 
extensive plexus lateral to the internal thoracic blood vessels beneath the trans- 
verse thoracic muscle Both pleural and abdominal lymph, draining the plexus, 
empty into the sternal group of nodes at the level of the first and second inter 
spaces The terminal efferent vessels from the sternal and the tracheal nodes 
usually become confluent and together join the thoracic duct or the right 
lymphatic duct 

The Effect of Ischemia in Different Parts of the Body on Blood Pressure By 
A. J Mnxza, M.D, Louisvdle, Ky 

The report consists of a discussion of the findings in experiments on ammals 
in which the blood supply was partly shut off to the brain, voluntary muscles. 
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kidnejs and other ^^scera, and the immediate and remote effects on blood pres- 
sure obsen ed 

Scarlet Fever Streptococcus Antitoxin Its Use in the Treatment of Scarlet 
Fever By A Graeme Mitchell, M D , and (by invitation) Frank E 
Stevenson, M D , and M V Veldee, M D , Cincinnati, Ohio 

The purpose of this study was to determine, if possible, the effect of scarlet 
fe\er antitoxin in treatment of an unselected group of cases In order to do 
this, e\ery other patient suffering from scarlet fever admitted to the Contagious 
Wards of the Cincinnati General Hospital was given antitoxin That is, no 
selection -was made according to the seventy of the case Complete protocols 
were kept and the analysis of these was made without a knowledge at the time 
of the method of treatment of the patient The study will be presented by a 
lantern slide demonstration In so far as this group of patients was concerned 
the study seemed to show that the antitoxin had a specific neutralizing effect 
because there was decrease in the duration of the rash, a change in the char- 
acter and extent of the desquamation, and a reduction in the number of com- 
plications For example, the number of complications was diminished in the 
serum-treated group m relation to the expected number of complications as 
judged by their frequency in the control group There ivas a large percentage 
of serum sickness but this occurred twice as frequently in patients who had 
previously received injections of horse serum in some form 

Observations on the Urinary Cast Count During Administration of Salyrgan 
By Charles L Brown, M D , and (by invitation) Friedrich Engel- 
BACH, M D , Ann Arbor, Mich 

In recent years certain mercunal compounds have been used rather widely 
as diuretics The question is raised as to whether these substances in clmical 
doses are harmful to the kidneys The urinary cast count offers a possible 
index to nephrotoxiaty This tjqje of observation w'as carried out dunng the 
administration of salyrgan as follows (1) to normal rats in graded doses, (2) 
in clinical doses to cases of cirrhosis of liver, with ascites but no evidence of 
renal disease, and (3) in clinical doses to one case of subacute nephntis -with 
edema (nephrosis ^) In the rat, salvrgan in the dose corresponding to the 
human clinical dose caused no appreciable change in the urinary cast output 
Larger doses may cause an increase in the cast output, which tends to be tem- 
porary, if the dose is not too large In some of the cirrhosis cases there was 
slight increase in the cast count which tended to be temporary In the case of 
nephritis the cast output ivas not changed appreciably 

Essential (Primary) Hypertension A Clinical and Morphological Study of 
375 Cases By Francis D Murphy, M D , and (by invitation) John 
Grill, M D , Milwaukee, Wis 

Essential (primary) hjqiertension may be associated with such a variety of 
clinical and morphological changes that successive stages of this disorder may 
appear to be separate diseases From a clinical and histological study of 375 
cases of essential hjqiertension an attempt is made to show that the various 
syndromes and vascular lesions observed are mamfestations of the same process 
varying in its intensity and its speed of advancement The cases are arranged 
into three groups representing three consecutives stages of the disease. In 
group 1 are the earliest cases illustrating the functional stage, in which sjmp- 
toms are unrelated to \ascular lesions An accident or an infection caused 
death in this group before artenosclerosis became well established 
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Group 2 or the artenosclerotic stage embraces the cases in a more ad- 
vanced stage m which artenosclerosis is a prominent featnre, death resulted 
usually from artenosclerotic lesions 

Finally, group 3 includes the cases with a rapid and stormy course ending 
fatally withm a short time. Histologically, these cases are distinguished by 
advanced artenosclerosis with necrotic lesions of the artenoles of the kidney 
and other organs Group 3 may be classed as the artenolonecrotic group 
Group 1 and 2 are commonlv designated as ‘ benign ’ hypertension and group 
3 as " malignant ” hypertension 

There are 43 cases in group 1, 303 In group 2 and 29 in group 3 A statisti- 
cal analysis is given in tabular form of the causes of death complications, heart 
weights, and age incidence in each group 

Histologically, minimal vascular changes are observed in group 1, the func- 
tional group In group 2, there is a decided arteriosclerosis in medium sized 
arteries, while in smaller arteries there is a localized arteriosclerosis leading to 
ischemia and slow atrophy of one or other organ The artenosclerosis in group 
3 is more diffuse and mtense involving more definitely the smaller and smallest 
artenes and leading to necrotic lesions of the afferent glomerular arterioles as 
well as of arterioles in other organs 

Although, climcally the chief features of group 3 are fairly uniform and 
constant, histologically the artenal lesions, especially in the kidney, may vary 
considerably Whether the renal lesions represent the results of a toxic or in 
flammatory influence added to a kidney alreadv damaged by arteriosclerosis, 
or whether they indicate the effects of arteriosclerosis alone is a disputed ques- 
tion The interpretation of these lesions and their correlation with the clmical 
picture are presented. It is concluded that there is no fundamental difference 
between the three groups, but that the numerous changes observed represent 
various degrees of intensity of the artenosclerotic process. 

The Diagnotu of Early Tttberctdosu in the Strict Sense of the Word By 
J A. Myess, M D , Minneapolis Minn 

This paper is based upon results of tuberculin testing and making x ray 
films of the chests of students of nursing and mediane. On admission to such 
schools approximately 35 per cent react positively to the tuberculin test After 
taking services in tuberculosis the inadence of positive reactors increases mark- 
edly Along with this mcrease a considerable number of those who previously 
reacted negatively to the test but became positive dunng or after tuberculosis 
service have developed demonstrable tuberculous lesions in the lung parenchyma 
and cervical lymph nodes Pleunsy with effusion is a rather common finding 
In this group of students we can speak of early diagnosis in the stnct sense of 
the word. Not one of these young adults has de\ eloped acute rapidly progress- 
ing tuberculosis but all have reacted to the infection and the disease in about 
the same manner as children who first become mfected Thev respond well to 
treatment Without the tuberculin test and the x ray film examination most of 
these cases would not have been diagnosed In other words the lesions are too 
nearly minimal to be detected by our other methods of exaimnation This study 
brings to light the fact that in our schools of mediane and nursing we are 
trausmittmg tQbercle baalli to the majority of the students who have never 
before been mfected An alarmingly high percentage fall ill with the disease 

The Rdle of Heinolytxc Streptococci in Arthritis By I Prurr, M D., Chicago, 

in 

Evidence is introduced that arthritis may be due to hemolytic streptococci 
of various types the Streptococcus scorlaltnae Streptococcus erysipelatts, and 



864 


PROCEEDINGS OF FOURTH ANNUAL MEETING 


the Slrcplococcus cpidemxcus of septic sore throat Arthritis indistinguishable 
from acute rheumatic fever may develop during the third or fourth week after 
the onset of a streptococcus sore-throat This interval suggests the develop- 
ment of an allergic state to the streptococcus For this conception some ex- 
perimental work IS reported Rabbits receiving 0 01 cc of living Streptococcus 
cpidcimcus at weekly intervals did not develop arthritis until the third or fourth 
injection Broth filtrates and vaccines apparently did not sensitize the rabbits 
to arthritis from minute doses of living streptococci In the human subject the 
sensitizing streptococa are derived from the focus in the throat, which in our 
cases yielded the streptococci in swab cultures from the tonsils The Streptococ- 
cus cptdeuncus can be readily differentiated from other hemolytic streptococci 
and the appearance and disappearance of this organism can be correlated with 
the arthritic manifestations The removal of tonsils harboring this streptococ- 
cus often led to relief of arthritic symptoms 

Some Observations of the Effects of Hog Stomach Extract ( Ventricuhn) on 
Gastric Secretion and Gastro-Inteshnal Symptoms By Leon Schiff, 
M D , and (by invitation) George Burger, M D , and Toba Tuhl, Chi- 
cago, 111 

The effects of the administration of ventricuhn on the symptoms of a num- 
ber of patients suffering with achlorhydria were noted Repeated determina- 
tions were made of the acidity and pepsin content of the gastric juice in these 
individuals 

The effects on the gastric juice of the administration of a single dose of 
liquid extract of ventricuhn were also noted in healthy individuals as well as in 
those suffering with gastro-intestinal disturbances These effects were com- 
pared with those obtained with the alcohol meal, oatmeal gruel, and following 
the ingestion of histamine 

The Use of Follicular Hormone tn Involutional States By Elmer L Sevring- 
HAus, M D , Madison, Wis 

The manifestations of the menopause include not only the well known 
vasomotor symptoms but also some features which are classed as neurological 
or psychiatnc In a group of 30 cases with various aspects of the climacteric 
14 reported paresthesias as troublesome In 17 cases insomnia was complained 
of, with no other evident explanation Half of the senes had definite psychotic 
symptoms, which varied from increasing nervousness to the typical involutional 
syndrome including despondency, subjective inadequacy for the usual tasks, 
emotional lability, suspicious attitude, and suicidal tendencies These cases 
were seen early in the course of the mental difficulty Of the group of IS 
there were 13 who received follicular hormone as the chief matenal in treat- 
ment In two cases the improvement was questionable, but in 11 there was no 
doubt of marked relief within a few days Most of these cases were observed 
for a long enough penod to give assurance of maintained help by the hormone 
therapy The paresthesias and insomnia have been similarly benefited 

The frequency of obesity in the group of 30 is low, only 11 cases Several 
of the obese patients had been overweight for many years Obesity does not 
seem to be more frequent in the older members of this group Hypertension 
was found in onlj 10 of the cases The typical hot flashes were seen in 27 
patients, and in two others the vasomotor instability was reported as chills of 
short duration 

The age range is from 32 to 56 years The 10 cases with age 41 or less 
include 6 \wth artificial menopause, 1 with a pseudo-thyrotoxic picture, and 3 
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which are apparently cases of hypofuncbon of the ovanes In 2 of these 3 
the use of follicular hormone has re-estabUshed regular menstrual cycles and 
given relief from the premature involutional psychosis which was the chief 
complaint 

The dose range of hormone which is effective is from 10 to 40 units daily 
by hypodermic route, or from 25 to SO umts each night by vaginal pessary 
TTie commonest dose has been 20 umts daily, given in one injection. Patients 
make the mjections readily, using amniotin or theelin 

Expenmentdl Treatment, mth Stramomum, of Patientt Exhibiting Evidences 
of Thyrotoxicosis By R. L, Sensemich, MJ) , South Bend, Ind. 

The favorable effect of atropine upon patients with exophthalmic goiter has 
been reported by many observers 

Stramonium was suggested for this study because of the freedom from 
objectionable effects when given in very large doses over long periods of time 
in certain other conditions, notably the sequellae of encephalitis 

The drug was given to eight thyrotoxic patients, none of the class of 
adenomas with hyperthyroidism Basal metabolism readings, before treatment, 
ranged from plus twenty two per cent to plus fifty-eight per cent All had lost 
weight and exhibited tachycardia and marked tremor, with other diagnostic 
evidence of toxic thyroid states Seven of these patients were markedly im- 
proved, metabolic rates being reduced and gams in weight being recorded. 
Nervousness was relieved and tremor was dimimshed or controlled. Heart 
action was slowed to some extent (eighty to ninety m recumbent rest), but not 
controlled to a degree comparable to the improvement otherwise attained. One 
patient in the menopause exhibited such unpleasant cutaneous " flush " when 
the drug was administered that it was impractic^ to continue. Some described 
subjective eye symptoms if they read long, but there was no evidence of in- 
creased intra-ocular tension 

The stramonium was given in the form of a preparation of the leaves, in 
doses varying from to IS grains dady No other medication was given 
No bad effects were observed dunng more than two months of continuous ad- 
ministration m maximum dosage. 

Summary Improvement was observed in thyrotoxic patients, without bed 
rest, under stramonium treatment. This improved state was maintained 
throughout a penod of four months following cessation of treatment Some 
acceleration of the pulse rate continued, although diminished in frequency under 
the treatment and followed by gradual slowing after its discontinuance. Judg- 
ing from reports of results obtained under atropine treatment the use of 
stramonium seemed to possess some advantages m results and possibility of 
continuous administration in effective dosage. 

This senes of cases is too limited to report for the purpose of arriving at 
any conclusions and is given only as work in progress The study is being 
contmued ivith the thought of using stramonium in conjunction with other 
measures 

The Endogenous Uric Aad Metabolism in Polycythemia Vera By S A. 
Shelburne, M D , Dallas, Texas, and (by invitation) R. F Hanzal, 
M D , Oevdand, Ohio 

The authors have measured the daily endogenous unc acid excretion in a 
case of polycythemia vera daily dunng a period of four months These find 
mgs have been correlated with the climcal condition of the patient, the clianges 
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m the blood cells and the blood chemistry before, during and after two periods 
of treatment ^\lth phenylhjdrazine 

This patient had a persistently great increase in the endogenous uric acid 
excretion, which is the condition one would expect if this disease is due to an 
increased formation of red blood cells It is well known that increased erythro- 
cjde formation is associated with increased unc acid excretion We also ob- 
served some changes that indicate that phenylhydrazine has a depressing action 
on erjlhrogenesis 

Available Carbohydrate and the Blood Sugar Level in the Treatment of Older 
Diabetics with Cardio-Vascular Disease By Solomon Strouse, M D , 
Samuel Soskin, M D , Louis N Katz, M D , and (by invitation) S H 
Rubinfeld, M D , Chicago, 111 

There have been many reports upon the deleterious effects of insulin shock 
upon the myocardium It is not known whether the harmful action is due to 
the hypoglycemia or to a direct action of the insulin, or a component, upon the 
heart muscle Nor is it known whether the continued administration of insulin 
as a therapeutic procedure, in doses small enough to avoid hypoglycemia, carries 
with it a similar menace to the cardiovascular system of older diabetics with 
cardiovascular disease Our results show that the therapeutic use of insulin, 
in such patients, may be accompamed by significant cardiovascular injury 
They further indicate that the blood sugar level and the carbohydrate available 
to the damaged myocardium are important factors in this connection 

Specificity of Certain Strains of Streptococci for Endocardium By Theodore 
L Squier, M D , and (by invitation) Norbert Enzer, M D , and Allan 
F Reith, Ph D , Milwaukee, Wis 

Certain strains of green producing streptococci produced endocardial lesions 
in a high percentage of rabbits after intravenous injection Other strains ap- 
parently culturally similar consistently failed to do so 

During the past six years 539 rabbits have been injected intravenously with 
147 strains of streptococci isolated from various foci of infection With 25 
of these strains, gross heart lesions developed in one or more rabbits after intra- 
venous injection, and were found in 79 of a total of 164 rabbits thus injected 
The remaining 123 strains failed to produce heart lesions in any of 375 rabbits 
injected 

The production of endocardial lesions by two strains of the green producmg 
streptococci has been demonstrated through four and seven animal passages 
respectively With each passage the streptococci were recovered from the 
heart blood, cultured in glucose brain broth and re-injected 

With one strain isolated from the blood culture of a patient with subacute 
bactenal endocarditis, endocardial lesions have been produced from subcultures 
after various time intervals Finally after thirteen weekly blood ag^r trans- 
plants, single cells were isolated and subcultures from each of three cells pro- 
duced typical vegetative endocarditis 

A Clinical and Roentgenological Study of the Significance of Palpability of the 
Liver By Carroll W Osgood, M D , and J E Habbe, M D (introduced 
by T L Squier, M D ), Mflwaukee, Wis 

Fiftj -three patients without clinical evidence of hepatic disease in whom the 
liver w’as found to be palpable, were studied in comparison with a control 
group of fift) -three patients with non-palpable livers Roentgenological deter- 
minations were made of the size of the right lobe and the relation of the inferior 
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border of the liver to the costal margin. The levil of the Hver border ivas also 
detenmned by palpation, and observations made of the thickness and relaxation 
of the abdommal wall, the depth of inspiration, and the weight and build of the 
subject Liver function rvas determine by intravenous dye tests 

Little correlation was found between palpability and hver size. The aver- 
age X ray size of the palpable livers was no greater than that of the non palpable 
ones in the control group Practically all of the livers observed descended be- 
low the level of the costal margin with deep inspuation, and the non palpable 
ones moved downward about as far as did the palpable ones. None of the livers 
studied exceeded the statistical limits of normal While obviously such factors 
as the size of the hver, its relation to the costal margin and the tenseness of the 
abdominal tvall, must in some instances affect palpability no important influence 
was noted in this study In the palpable group no appreciable impairment of 
liver function could be demonstrated by mtravenous dye testa Possible differ- 
ences in flnnness between the livers of the two groups could not be observed but 
the results obtamed suggest that palpable livers are not necessarily pathological 

Gattnc Achylta (^Naitral Red Studies) By M H Streicher, MJ5 , Chicago, 

111 

In recent years it baa been claimed by some mvestigators that neutral red 
possesses a property sunilar to that of histamine as a stimulant of gastnc aadity 
Others considered neutral red of value m the differential diagnosis between true 
and false achylia 

We have attempted in this work to study the function of neutral red in gastric 
acidity determinations. For this purpose we obtained a series of ninety-six 
cases and classified tliem into three groups based largely on time of appearance 
of the dye m gastric contents Gastric contents were collected every fifteen 
minutes for two hours and studied 

Bnefly our results show that neutral red may be used to advantage as a test 
of gastric function and that neutral red possesses little or no property as a 
stimulant of gastnc acidity In differentiating between false and true achylia 
It may be employed because a prolonged penod is necessary to perform the test 
and not because the dye is employed in the execution of the “ neutral red tesL' 

The Blood Pressure Curve in Untreated Cases of Hypertension By Don C 
Sutton M D,, and (by invitation) Samuzi, Lang, M.D Chicago, 111 

Dunng the past four years a special study has been made of cardiac patients 
with hypertension, m the Cardiac Qlnic at Cook County Hospital Of this 
group, sixty-four patients, forty-four of whom were men, have been segregated 
for study as normal controls They have received no medical treatment except 
occasional digitalis, and have been given standard directions, with the exception 
that diets have been adapted to the individual needs of the patient These pa 
tients have been studied for an average of fourteen weeks, the longest period 
being seventy-two weeks Observations have been made on variation of both 
systolic and diastolic blood pressure in this group and from this study we have 
evolved a standard method of control for use in our clmic. Further studies of 
vanous methods of treatment mil be made. As an illustration of this method 
of control, it is compared with a series of cases treated with potassium thio- 
cyanate 
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So7)}c Climcal-Pathologic Correlations of Adherent Pericarditis By Harry L 
Smith, M D (b> mvitatton), and Fredrick A Willius, M D , Rochester, 
Mmn 

This study comprises 144 cases of adherent pericarditis coming to necropsy 
at die Ma>o Qinic. The pericardial lesions were not minimal but in all in- 
stances were well marked examples of the disease. 

Age and sex The great majority of the cases occurred in the fourth, fifth, 
sixth and seventh decades of life, 108 cases (75 per cent) The youngest pa- 
tient was two years of age and the oldest patient 85 years of age The average 
age i\as 48 8 years 

A marked dominance in males occurred, 100 cases (69 4 per cent), while the 
female inadence w'as only 44 cases (30 6 per cent) 

Pathologic groups The cases were divided into three groups according to 
the character of the adherent process Complete sac obliteration 53 cases (36 8 
per cent), partial sac obliteration 79 cases (54 9 per cent) and parietal adhesions 
12 cases (83 per cent) Calafication of the pericardium occurred m 11 cases 
(7 6 per cent) 

Heart weights Well marked cardiac hypertrophy was the rule, the average 
heart weight of the entire group (weights recorded in 106 cases) was 478 1 
grams (average normal weight 290 grams) 

The greatest heart weight occurred in those cases with partial sac oblitera- 
tion where the average was 506 5 grams Where the pericardial sac was com- 
pletely obliterated, the average heart weight was 472 7 grams and where parietal 
adliesions occurred the average weight was 251 2 grams One heart m this 
latter group weighed 1925 grams inclusive of the pericardium, a chronic tu- 
berculous pericarditis, which was excluded in this average computation owing 
to its great variation from the other group components 

Associated pathologic cardiac changes Associated pathologic changes in 
the heart occurred in 77 cases (53 5 per cent) Their occurrence, in order of 
frequency, was as follows Coronary sclerosis, 31 cases (21 5 per cent) , rheu- 
matic heart disease with mitral stenosis, 25 cases (17 4 per cent) , hypertensive 
heart disease, 11 cases (7 6 per cent) , rheumatic heart disease with aortic in- 
sufficiency, 6 cases (4 2 per cent) and aortic syphilis, 4 cases (2 8 per cent) 
The heart weights of these groups are compared 

Associated intrathoracic pathologic changes Twenty-five cases (173 per 
cent) had associated intrathoracic disease which is discussed ' 

Mode of death The heart was solely responsible for death m 57 cases (39 5 
per cent), while causes entirely independent of the heart caused death in the re- 
maining 87 cases (60 5 per cent) This data is discussed in relation to the 
various forms of associated cardiac disease The average heart weight of the 
patients dying of heart disease ivas 625 7 grams, while those dying of other 
causes had an average heart weight of 411 6 grams The age factors in relation 
to death are included in the discussion 

Parenteral Use of Liver Extract in the Treatment of Anemia By Path, J 
Fouts, MD (by invitation), and L G Zerfas, MD, Indianapolis, Ind 
Eight patients ivith anemia, six of whom had primary pernicious anemia, 
Mere treated with liver extract administered intravenously The initial red 
blood cell levels in five of the cases which showed a reticulocyte response ranged 
between 1 13 and 3 65 million per cubic millimeter of blood The maximum 
reticulocj'te response was reached on the fifth day, following the first injection 
of an amount of Iner extract derived from one hundred grams of whole liver 



CENTRAL SOCIETY FOR CLINICAL RESEARCH 


869 


One patient with hemolytic jaundice failed to respond satisfactorily to two 
blood transfusions, to liver extract derived from 600 grams of liver given daily 
for thirty days, or to 0 18 gram of metallic iron (iron ammonium atrate) ad- 
mmistered daily for fourteen days When liver extract derived from 100 grams 
of liver was given intravenously, a typical response of the reticulocytes occurred, 
followed by a satisfactory return of the red blood cells to a normal level 
The comparative potency of liver extract given by injection is discussed, with 
certain indications for the use of this methoA 

T/ic Effect of Duicetone Alcohol on the Lwer of Rais By Haddow M. Keith, 
M.B , Rochester, Mitm 

Redistilled diaeetone alcohol was admimstered by stomach tube to white rats, 
in doses of 2 cc. per kflogram body weight Pairs of rats were saenficed at 
intervals of from one hour to 60 days. Sections of liver were fixed for 24 
hours m a Zenher formol solution, stained with hematoxylin and eosin and with 
eosin azure IL Four animals were sacrificed as controls 

A distinct drop m the blood hemoglobin and m the red cell count ivas noted in 
24 hours This persisted for a penod of four to five days On the sixth day 
both were agam approximately normal 

Examination of sections of the liver showed an early increase in lymphocytes 
and histocytes, followed by vacuolization and granulation of the hepatic cell 
cytoplasm commenang in the portal zone. This latter was accompanied by a 
decrease in the histocyhc reaction. The maximum hepatic cell injury occurred 
within 24 hours when the entire lobule was mvolved Recovery tvas first evi- 
dent at 48 hours, mainly about the central veins, and within 96 hours was rela- 
tively complete At seven and fourteen days, however, there ivas still slight 
cytoplasmic granuiation in the portal areas, with defimte histocytic reaction still 
present At twenty-one days, die Kupffer cdls were exceedingly abundant and 
nests of histocytes were very numerous The hepatic ceils were normal In 
thirty-five days recovery was complete. 

On the Value of the Electrocardiograph as an Aid in the Diagnosis of Adhesive 
Mediastino Pencardilis By Jutros Jensen, MD, and (by invitation) 
Milton Smitb, M D , and E D Cartwricht, M D , St Louis, Mo 
In an analysis of fifty normal individuals absence of shift with position m 
the complexes of the electrocardiograph occurred so frequently as to suggest 
that the Dieuade sign is of httle value m the diagnosis of adhesive mediastino- 
pencardibs 

Comparison of Serum Inorganic Sulphates and Blood Urea Clearance in Renal 
Insufficiency By E G Wakefield, M D , M H Power, PbX> (by in- 
vitabon) and Norman M Keith, M D , Rochester, Minn 
The determination of serum inorganic sulphates as a renal functional test 
has been compared with urea clearance. There is a fairly dose correlation be- 
tween the two as a measure of early renal msuffiaency Previous studies have 
indicated that serum inorganic sulphate is usually increased (1) before there is 
retention of either urea or creatinme, (2) before there is lowered excretion of 
phenolsulphonephthalein and (3) in about half the subjects studied sulphates 
were derated in the serum before the kidney had lost its ability to concentrate 
unne to a specific gravity of 1 025 or more m the concentration test, also, the 
kidney rmght be unable to concentrate urme to 1 02S and the sulphates would be 
within the normal range of concentration. These teats do not replace, but sup- 
plement other tests of renal functional activity 
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The Dclcnnmaiton of Inorganic and Conjugated Sulphates in Urine and Blood 
Scrum Bj M H Po%\er, Ph D (b> invitation), and E G Wakefield, 
M D , Rochester, I^Iinn 

The method in\ohes the preparation of trichloracetic acid filtrates of urine 
or of serum From these the sulphate is precipitated by the addition of a solu- 
tion of benzidine in acetone. The resulting benzidine sulphate is centrifuged 
dowm, ashed, and quantitatively oxidized by means of concentrated sulphuric 
acid and a known amount of potassium dichromate lodimetnc titration of the 
residual dichromate then supplies the data from which the SO« content of the 
sample may be calculated The method has been found satisfactory for amounts 
ranging from 0 03 to 4 0 mgm of SO< 

Conjugated sulphates are determined in an exactly similar manner after 
preliminary hydrolysis The technique developed has been found applicable to 
the study of the ethereal sulphates in urine as judged by comparison with the 
results of the Folm gravimetric method. Similar studies of blood serum indi- 
cate the ethereal sulphates are present, but not in the amounts which have previ- 
ously been reported 



STUDIES ON THE EFFECT OF THE ACTION OF DIGITALIS 
ON THE OUTPUT OF BLOOD FROM THE HEART 

I The Effect on the Output of the Dog’s Heart in Heart-Lung 
Preparations* 

By ALFRED E. COHN and J MURRAY STEELE 
(From the Hospital oj the RKteJelter Institute for Medical Research, New Yori) 

(Received for publication May 6 1932) 

A satisfactory solution of the problem concerning the effect of giving 
digitalis, especially on the volume output of the heart, but of other prob 
lems concerning its action, is still outstandmg Difficulties in the way of 
complete understanding depend, it seems, on the circumstances in which 
digitalis is adrmnistered Among these are the species of animal which is 
studied and the state of the heart, whether healthy or diseased The 
value of digitalis as a therapeutic agent, being on many accounts a con- 
stant source of concern, is viewed as being involved m these issues Dis- 
cussion IS often confused, action of the drug and the beneficence of that 
action being regarded as the same things This inference need not 
necessarily be correct The pulse rate may be lowered, the blood 
pressure raised, the excretion of water unchanged, the volume output 
of blood from the heart either decreased or increased , the effect of not one 
of these actions can supply a due, o prton, to whether giving this agent 
is advisable In terms of no one of these functions can its value or 
benefit be descnbed The situation is different in an infectious fever 
Barrmg the artificial lowering of temperature as a smgle effect without 
influence on the general course of the illness, defervescence is usually, and 
perhaps justly, regarded as a sign of value 

If the success of an agent cannot be measured in terms of a "test” of its 
eflScacy, how can it be measured? Is it necessary to rely on the re- 
port of its effect by patients or is there something in the totality of their 
demeanor which perrmts the drawing of a relevant mference? In what- 
ever way this phase of the matter is decided, an outstanding considera- 
tion IS this, that a judgment is desirable which is not dependent on the 
measurement of some function, mvolved no doubt in the total action, 
but yet not charactensbc of a result regarded as satisfactory In the 
case of giving digitahs for example, patients may, conceivably, report 

* A prehminary rejiort of these researches was read before the Assoaation 
of American Physiaans (Trans Assoc, Am Phys , 1931, xlvi, 71 ) 

871 




872 


ACTION OF DIGITALIS I 


"improvement” on taking the drug Under these circumstances, if we 
associate vnth improvement increase, for example, m the volume output 
of blood from the heart and leam, unfortunately, that decrease has 
taken place, we face a dilemma, the output has decreased but the patient 
IS better To know the volume output is, for the present, an inadequate 
guide The problem is not solved by turning from methods of analysis 
to others much coarser and not susceptible to detailed examination, 
that way would be the negation of method Further study is needed to 
attempt to discover a form of anal 5 ^is which tells us what we desire to 
leam, perhaps a method which measures the effect of an agent on the 
behavior of the entire individual Knowledge may consist, obviously, 
in terms either of the whole or of one of its analyzed parts But the 
balance between what the part can tell and what the whole describes is 
delicate, what must, it seems, not be upset is judgment of the whole, in 
favor of a part Digitalis, m short, should be given if patients improve, 
even if, were this the case, the volume output of blood decreases as the 
result of taking it 

The fmitful experiments of Harrison and Leonard (1) have made it 
clear that the volume output of blood from the heart can be reduced by 
digitalis Important as this information is, suggesting, as it does, a new 
point of view from which to weigh the action of digitalis, a wide generali- 
zation based on this phenomenon seems inadmissible For there may be, 
as has turned out to be a fact, a difference between hearts which are 
normal in size and hearts which are enlarged ^ If an effect of digitalis is 
to decrease the size of all hearts, small as well as large, this result may still 
make a difference in the subsequent output of hearts initially normal and 
of hearts imtially enlarged But aside from size, there might be involved, 
in enlarged, diseased hearts, an additional factor That this might be the 
situation was suggested in a report of experiments which confirmed those 
of Hamson and Leonard 

In the experiments of Cohn and Stewart (2) , decreased output of the 
normal heart as a consequence of the action of digitalis was described as 
a fact, associated with decrease in the size of the heart The effect 
on output was ascnbed to two factors, one on the size of the heart which 
was designated tone, and a second, an effect on contraction Of the two, 
the effect on size predominated Thisjexplanation Dock and Tainter (3) 
regard as imsatisfactory because it failed to take into account “all the 
known and established actions of the drug on the circulation and does not 
correlate the latter with factors determining cardiac output ” They 
urged the view that in any judgment of the action of digitalis on the vol- 

* The word enlarged is used, not to obscure the difference between dilatation 
and hypertrophy, but to suggest that of these conditions the one which is 
present is not always known The two aspects of enlargement can, further- 
more, not always be separated 
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ume output it is not enough to study only the behavior of the heart, its 
effect on the blood vessels must also be estimated The fact that m 
their experiments "a fall m venous pressure regularly accompanied the 
ditmmshed cardiac output” they regard as “convmang evidence that the 
change in blood flow was a result of peripheral, and not cardiac, actions 
of the drug ” (Conclusion 3) (3) Tainter and Dock (4) showed later that 
"the fall m nght auncular pressure, after giving digitalis to dogs with the 
hepatic circulation mtact, was due to dimimshed venous return flow, and 
ultimately to an accumulation of blood in the splanchnic or portal regpon 
as a result of obstructed hepatic outflow (hepatic vein constriction) 

This mechanism adequately explains the diminution in cardiac output 
after digitalis, since a dimimshed venous return must result m defiaent 
cardiac filling This conclusion i^rees with that of our previous paper” 
(Conclusion 3) (4) 

If both the heart and the peripheral circulation are, as is well known, 
affected by the acbon of digitalis, the problem in the case of normal 
hearts is this, how far is the effect of digitalis on the volume output 
exerased on the heart itself and how far on the amount of the venous 
return? 

That there is a difference m behavior between enlarged hearts and 
hearts of normal size, and that this difference is of decidmg importance, 
will be shown m these studies What the relative share is of heart and 
penphery will also be discussed 

There is already evidence of the course of events in heart-lung prepar- 
ations where a digitalis body is given to the heart in an enfeebled state. 
Hearts that were enlarged or failing have been studied by Anitschkow 
and Trendelenburg (5) who showed that by increasing the inflow (raising 
the venous reservoir m heart lung preparations), the output, after the 
heart was made to fail was much greater than before if strophanthin were 
injected, and that corresponding to this effect the pressure m the nght 
auncle fell Bijlsma, and Roessmgh (6) noticed that m heart-lung 
preparations, nhen the heart was m process of dilating, it became smaller 
after giving strophanthin, though the resistance, the arterial pressure and 
the volume output remained unchanged Plant (7) also has shown that 
when strophanthin is given to a foiling heart, poisoned previously during 
two to three weeks with phosphorus so that it is the subject of fatty de- 
generation, the volume output increased, the pressure m the mfenor vena 
cava decreased, and the amplitude of contracbon mcreased as did the 
blood pressure 

Here then are three sets of experiments, based on the study of failmg 
hearts, all enlarged, m heart lung preparabons, in which mcrease in 
output went parallel with fall in venous pressure (Anitschkow and 
Trendelenburg, and Plant) and in which dfecrease m the size of the heart 
took place (Bijlsma and Roessmgh) The effects were transient (Plant), 
the mibal situabon havmg been restored in 20 minutes 
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The phenomena which are now reported were obser\'ed in hearts of 
heart-lung preparations, dunng a penod of several hours until the time 
when complete failure of the preparation seemed imminent As is Avell 
know n, such preparations permit the control and measurement of several 
functions of w'hich the circulation depends — the venous pressure, the vol- 
ume output, the artenal resistence, the temperature Obviously, hearts 
in heart-lung prepcuations cannot be regarded as fresh, or normal, or 
natural, due to the unwonted manipulations to which they have been ex- 
posed and also to the fact that they have been depnved of some of their 
extnnsic neiw^es We do not, as a matter of fact, so regard them Evi- 
dence that such hearts should not be considered fresh may be inferred 
from the fact that under the influence of digitalis, the minute output, un- 
like Its effect m natural preparations and without regard to what ul- 
timately wnll be held to be the mechanism, has not been seen to decrease, 
irrespective of the volume of the inflow 

For these expenments dogs weighing from 10 to IS kilograms were 
used Heart-lung preparations were made according to the general 
technique of Knowlton and Starling (8) The arrangements were vaned, 
as wall be pointed out, to suit the purposes of these experiments Chlora- 
lose in physiological salt solution, neutralized by the addition of sodium 
hydroxide, seiw^ed as anesthetic, and w'as injected intravenously usually m 
amounts of 0 1 gram per kilogram of body weight, but sometimes of 0 2 
gram and rarely an addition of 0 5 gram No morphine was given 

Blood for the experiment was secured from a second dog Hepann, 
5 0 mgm diluted in 100 cc normal salt solution was injected first into a 
femoral vein, then, under local, novocaine, anesthesia, the blood required 
was wuthdrawn from the carotid artery To complete the process of 
bleeding, light ether anesthesia w^as administered 

The dog lay in the low'er half of a box On opening the chest, ventila- 
tion w'as maintamed by a Starlmg pump When the preparation was 
complete, a lid closed the box which was then made airtight Air in 
an amount sufficient to create the desired level of negative pressure was 
then removed by a large piston pump To vary the degree of negative 
pressure and by so doing to secure motions of the lungs, air was allowed to 
enter the chamber from a 3 liter rubber bag {RB) through a valve (F, 
Fig 1) the opening and shutting of w'^hich was managed automatically by 
the motions of the pump The pressure in the box varied between — 2 
cm and —4 cm water during expiration (shutting of the piston) and 
between —12 cm and —15 cm during mspiration In normal animals 
the range in the intact pleural cavity is between — 2 cm and —12 cm 
The mechanism of the box w'as designed to simulate that of respiration in 
the normal chest 

Certam details in technique are described 
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Fig 1 This Diagrau Shows the Arrangement op the System Used in 
Artificial Respiration in the Heart Lung Preparation 
The details are descnbed m the text. 


1 An upstroke in the pump (P) (capaaty 4 hters) drew air from the box 

through the valve (AFi), excluding at the same time, by closing the valve (F), 
that part of the circuit between valve (V) and valve A downstroke 

of the pump sent air through valve (ifVt), a rubber bag (RB), a water ma- 
nometer (Ml) and so back to the box through valve (V), which had meanwhile 
been opened by the downstroke of the pump A leak in the system was 
detected by ballooning of the bag (RB), distension of which could be relieved 
by opening a cock (C) The pressure in the system could be modified by the 
level of water in the bottle (B) A manometer (Mt) indicated changes in 
pressure in the box By bubbling through water (in bottle B), the air in the 
system was kept moist 

2 When changes in the sire of the heart were measured it was enclosed in 
a glass oncometer (Henderson) suppbed with a rubber diaphragm, in which 
a hole was made, fitted snugly to the aunculoventncular groove (Figure 2) 
The oncometer was connected by pressure tubing with a volume recorder 
At first a piston recorder (Huerthle) was used, next a cylindrical spirometer 
and finally, and also most satisfactorily, a Gad spirometer The record of 
changes was inscribed on smoked paper 

3 The mean blood pressure in the brachiocephalic artery was recorded on 
the same smoked paper by a mercury manometer, that in the nght auricle by 
a water manometer 

4 Penpheral resistance was provided in the usual manner (Knowlton and 
Starling (8)) Two resistance sleeves were placed in parallel in case of acadent. 
The constancy of this system was checked by frequent readmgs of a mercury 
manometer 

5 The volume output was measured in a graduated cylinder, SO ccm or 
100 ccm being allowed to flow in on turning a three way stopcock, the time 
required being taken by a stop watch Since the stop watch was in an electric 
arcmt the duration of the penod was recorded on the smoked paper 

6 The height of the head of pressure of the blood flowing into the heart 
was kept constant The reservoir was a flexible rubber bag immersed in a 
large jar of water (9) Through a tube of large bore (1") water in the beaker 
was displaced and passed freely to a bottle suspended by rubber when blood 
in the reservoir exceeded a previous volume, coaversdy, decrease m the 
volume of blood in the reservoir invited a return flow of water into the beaker 
The level of fluid once set remained, therefore, constant. By a rack and 
pimon, the height of this unit was easily adjusted 
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7 A Stopcock, with large bore, was placed between the reserv'oir and the 
nght auncle A dial show'ing divisions mounted on the housing, and a pointer 
sealed to the cock, permitted the repetition of a guen setting The inflow 
could accordingly be reduced, simulating constnction of the veins 

8 A thermometer, placed in the cannula inserted in the superior vena cava, 
indicated the temperature of the blood (not showm in the figure) 



Fig 2 This Diagram Shows the Arrangement of the System Used for 
THE Circulation of Blood in the Heart-Lung Preparation 

9 A solution of glucose and insulin flowed continuously into the venous 
reservoir from a graduated burette 

10 From a pet-cock, placed in the circuit just before the venous reservoir, 
blood was taken for analysis, and substances, such as digitalis (Digitan, 
Merck) were injected (not shown in the figure) 

11 Time was recorded on the smoked paper at intervals of 1 second and 
10 seconds 

PROCEDURE 

Expenments of three types were performed In the first, the ventila- 
tion was managed by the method of negative pressure — and without an 
oncometer about the heart Although the degree of negative pressure 
w'hich was exerted was comparable to that in the normal chest, when the 
bony thorax w^as divided and the edges were held apart, the lungs fell 
aw^ay from the heart and failed, therefore, to give it that support which 
normally protects it from the full force of negative pressure How great 


AURED E COHN AND J MURRAY STEELE 


877 


this effect may be is observed m the record m which flucUiatiotis due to 
this influence are clearly observed in the records of artenal and venous 
pressures The latter ranged between — 3 cm and + 1 cm water The 
second type of experiment was like the first except that an oncometer was 
placed over the heart The result of this arrangement seemed to ap- 
proach more closely that in a normal intact chest. The venous pressure 
ranged between -t-2 cm and -+-5 cm water In this type la included a 
sub-group (S experiments) in which was studied the effect of varymg the 
volume of mflowing blood In a third type, ventilation was positive, the 
Starling pump being employed An oncometer was agam fitted over the 
heart This arrangement exhibited the least effect of respiration on the 
artenal and venous pressures and on the size of the heart. The venous 
pressures were the highest observed, ranging from -l-S cm to -f 8 cm of 
water They were lowest m the first group 

The arrangements employed, taken together, provided a range of 
venous pressures running from a level above to one below normal 
Though the natural situation was absent, it has been possible, neverthe- 
less, to test the action of digitalis under very varying conditions, within 
the range of which, many, even the normal ones must have been present. 
Though different in degree, the effects of giving digitalis tended, whatever 
the arrangements, m the same direction 

The results in each type of expenment are illustrated by describing 
one example in detail 

When the heart was not enclosed in an oncometer, it was the usual 
expenence (Figure 3) to observe on transition to negative pressure that. 



Fig 3 The Curves are Shown of the Course of Events in 
Expeetuent Number 44 
The details are given in Table 1 


due no doubt to the pull exerted on the heart, for this effect did not ap 
pear when it was protected by an oncometer, pressure m the right auricle 
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TABLE 1 


March 5, 1931 Dog number 44 Weight of dog — 10 kgm Weight of heart — 88 grams 

Anesthesia — Chloral ose — 1 Z gram 


Time 

Tem- 

pera- 

ture 

Arterial 

press 

lire 

Right 

auncular 

pressure 

Rate 

Volume 
m reser- 
voir 

Output 

m^te 

Output 

per 

beat 

Changes 
in heart 
volume 

Glucose 

burette 

level 

Blood 

Bucar 



mm 

cm 1 

per 1 

1 





mgm per 

a m 

•c 

Ht 

HjO 

mtnule 


cc 

CC 

CC^ 

CC ' 

100 cc 

10 52 

Operation began ! 








11 30 

Circulation turned over Level of venous reservoir set at 7 0 

cm 


P Vt 











12 00 

37 0 1 

100 

-h5 3 

142 

625 

480 

34 


1 1 

93 

12 10 

Changed to negative pressure respiration 





12 15 

37 2 

106 

+0 8 

142 


540 

38 




12 31 

36 0 



138 


490 

36 




12 58 









58 

111 

1 25 

37 2 

108 

+0 5 

150 


500 

33 




1 45 

38 5 

110 

+0 8 

150 

525 

400 

2 7 




1 50 

38 0 

no 

+1 0 

148 


350 

24 




1 55 1 



+10 



270 




1 

1 59 


106 

+ 1 1 

142 


230 

1 6 


24 4 

172 

2 03 

Digitan 

+12 









0 25 

gram 









2 06 

38 0 

106 

+11 

142 

500 


2 5 




2 09 

38 0 


+0 85 

142 


360 





2 10 



+0 7 




36 




2 14 

38 0 


+0 4 

140 


500 





2 18 



+0 1 

140 


620 

44 




2 22 



-0 1 

144 


710 

49 




2 25 

38 2 

no 




800 

53 




2 27 ' 

38 5 


-0 3 

150 

490 

850 

54 


34 3 

202 

2 36 

38 2 



Irregular 


500 






fell abruptly At the same time the output of blood per minute and 
p>er beat from the heart increased slightly Under negative pressure, the 
pressure in the nght auricle remained practically stationary for about one 
hour For about another half-hour it fell slightly, while the volume out- 
put decreased, also slightly Then the heart began to fail, as is shown by 
the nse m pressure in the nght auncle and in the sharp fall in volume out- 
put The temperatures, meanwhile, underwent no important change 
The arrangement of the “venous” reservoir remained constant through- 
out the expenment, the height being 7 0 cm , it seems doubtful whether 
the changes in the rate of the heart were influenced by the alterations in 
temperature which occurred The heart was permitted to fail until, 
after tnm hours, the output per minute fell to about 225 cem Synchron- 
ously, the pressure m the right auricle rose slightly, but distinctly 
Digitalis (in the form of digitan, 0 25 gram ’) was then injected One 

® This dose was calculated on the basis of 0 023 gram per kilogram An 
amount ha\mg been calculated, as being suitable for intact animals, a smaller 
dose vas given, taking the nature of the preparation into consideration 
Later, doses still smaller ivere given 
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half-hour after injection, the output increased as much almost as four 
hundred per cent, and was greater by about fifty per cent (S50 ccm to 
825 ccm ) than the output just after the preparation was placed und^ 
negative pressure Durmg this penod the pressure m the right auncle 
decreafied to a point lower than during the early » steady penod, falling 
80 low indeed, that negative pressure was recorded, the ventncles were 
ejecting blood at least as fast as it was bemg supplied An excess in the 
reservoir prevented exhaustion of the supply 

Too much digitalis, obviously, was injected, for the rate of the heart, 
having been steadv for almost twenty minutes, increased rapidly, the 
rhythm then became quite irregular The heart was irretnevably in 
toxicated The output fell rapidly and in forty minutes was as small as 
just before digitan was given Toward the end of the experiment, pres- 
sure in the right auncle rose 

The course of events m this experiment is clear enough At first 
the preparation was sufficient When it was near the point of death, the 
administration of digitalis revived it Its effectiveness then was greater 
than It had been throughout the penod of observation Clear as is the 
demonstration that a dymg heart can be revived, it was impossible to 
estimate what changes took place m its size, nor was it clear whether the 
heart was enlarged when digitabs was mjected 

The next expenment (the seconi type) gives information on this point 
The heart was enclosed m an oncometer And it gives information also 
on another point The stopcock, already descnbed, was inserted m the 
tube leading to the nght auricle. When the box in which the dog lay was 
subjected to negative pressure, that fall in pressure in the nght auncle 
which took place when the heart lay bare, now, when an oncometer was 
fitted to It, failed to occur 



Fio 4 The Curves are Shown of the Course of Events in 
Experiment Number 59 
The details are given in Table 2 
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TABLE 2 


April 20, 1931 Dog number 59 Weight of dog — 10 5 kgm Weight of heart — 90 grams 

Anesthesia — Chloralose — 1 15 gram 


Time 

Tem- 

pera- 

ture 

Arterial 

press* 

ure 

Right 

auric- 

ular 

press- 

ure 

Rate 

Volume 
In reser- 
voir 

Inflow 

setting 

Output 1 
per 

minute 

Output 

per 

beat 

Changes 
In heart 
volume 

Glucose 
burette 
let el 

Blood 

sugar 



mm 

an 

per 







mgm per 

a m 

»C 

IJi 

H-O 

minute 

cc 


CC 

CC 

CC 

CC 

too cc 

11 18 

Operation began | 









11 58 

Circulation turned over Level of venous reservoir set at 5 5 cm and changed 


at 1 

12 to 6 5 cm 







f m 












12 50 


102 

3 5 

142 

400 

7 

600 

43 

0 

79 

112 

1 06 

36 8 

108 

3 6 

140 



410 

29 

- 1 5 



1 12 


108 

39 



i 

1 

600 

43 

+ 30 



1 18 

36 8 

no 

40 

140 

400 


660 

47 

+ 55 



1 25 




140 



600 

43 

+ SO 



1 28 






6 






1 30 

36 9 






520 

3 7 

+ 70 



1 31 






5 






1 32 



39 




500 

3 6 

+ 60 



1 33 






4 






1 35 



3 85 

138 



380 

2 8 

+ 45 



1 35 + 






7 






1 36 

37 0 


4 1 




440 

3 2 

+ 70 



1 46 

36 7 

114 

43 

134 



460 

34 

+ 110 



1 52 

37 0 


43 

138 



450 

3 3 

+11 5 

19 6 

141 

2 00 

37 2 

114 

4 35 

140 



330 

24 

+ 13 5 



2 01 

Digitan 0 18 

gram 









2 08 

37 1 


42 

132 

375 


475 

3 6 

+13 0 



2 17 

37 2 

114 

40 

126 



560 

44 

+13 0 



2 21 


114 

3 95 

124 



610 

49 

+ 13 5 



2 25 


114 

3 85 




630 

5 1 

+ 14 0 



2 30 







610 

50 

+ 14 5 



2 31 






6 






2 32 

37 3 


3 70 




590 

49 

+15 0 



2 33 






5 






2 35 



3 60 




560 

47 

+15 0 



2 36 




118 


4 






2 39 



3 50 




460 

40 

+14 0 



2 40 





1 

3 






2 43 

37 2 


3 40 

116 

125 


350 

30 

+12 5 



2 44 



37 



7 



+ 17 5 



2 46 





325 (200 cc 

blood returned) 



2 48 

37 0 

116 

39 

no 



610 

5 7 

+22 0 

29 0 

174 

2 55 


116 

38 

no 



630 

57 

+24 0 



2 56 

Rubber for pienpheral resistance broke 

1 1 1 1 1 







After about thirty minutes (Figure 4), the level of the venous reservoir 
haAung been set at a height of 5 5 cm , the volume output per minute, 
then about 600 cem , fell in the next ten minutes to 380 cem The level of 
the reservoir was then raised to 7 0 cm , where it remained throughout the 
expenment The output rose to about 630 cem , higher than it had been 
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before The volume of the heart increased, the pressure in the nght 
auncle rose The behavior of the heart havmg been satisfactory for 
fifteen minutes, the stopcock in the inflow tube was closed bit by bit 
Output per mmute and per beat, pressure m the right auncle and the 
volume of the heart, all promptly and eiqiectedly decreased, and decreased 
the more, the more nearly the stopcock was shut After ten imnutes the 
stopcock was again opened wide At once, output, volume of the heart 
and pressure rose, but not to the imtial height. The heart seemed no 
doubt to have been detenorating, as is shown by its mcreasmg volume 
After another twenty minutes the preparation began senously to fail, 
the output decreased to about 325 ccm , the pressure m the nght auncle 
rose and the cardiac volume mcreased still further The temperature of 
the blood and the rate of the heart beat remamed meanwhile suffiaently 
steady Digitalis was now injected In ten mmutes a substantial in 
crease in volume output occurred and m thirty imnutes the amount put 
out at one hour had almost been reached The volume of the heart, which 
before injection had steadily been mcreasmg, now ceased to do so, on the 
contrary, it became a little smaller The pressure m the nght auncle 
promptly declmed, falling to a level lower than when the output was 
approximately the same as now As the rate of the heart beat fell, the 
output per beat mcreased, so that the curve descnbmg this function con- 
tinued roughly parallel to that of the output per mmute There was, 
nevertheless, no increase in the heart’s size Half an hour after the 
injection of digitalis, the maneuver with the stopcock was repeated The 
course of events noticed before took place again The minute output and 
output per beat declmed, the pressure fell, the heart’s volume decreased 
When the stopcock had been shut to a pomt identical (marked by asterisks 
on the stopcock and also on " output jier minute" curves) with that before 
injection, it is apparent that, although the minute output just before 
closing the stopcock was approximately alike on both occasions, now, 
after the mjecbon of digitalis, the same settmg resulted in a smaller effect 
than before — the mmute output did not decrease so much It was greater 
in fact by about 80 ccm , rm amount equal to 12 0 jier cent of the highest 
output. A tighter shuttmg of the stopcock had, of course, a correspond- 
mgly greater effect, as the dotted Ime at 2 25 shows Together with the 
change m minute output, corresponding changes m the volume of the 
heart and in nght auricular pressure took place. The rate of the heart 
beat continued to fall so that the curve descnbmg output per beat is 
higher than before When the stopcock was opened again, the output 
mcreased to its former amount, the pressure in the nght auncle dso 
returned, but showed no disposition to nse further, evidence of the good 
state of the preparation Shuttmg the stopcock seems, however, further 
to have damaged the heart for now in order to maintain its output, it 
dilated sharply 
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This experiment shows that (1) Giving digitalis w'hen the heart was in 
a state of acute failure, revived it, so that the initial minute output was 
restored (2) Although before the administration of digitalis the heart 
w’as continuously dilating, afterward, further deterioration was arrested, 
until decreasing the inflow again, by shutting the stopcock, still further 
injured the heart (3) Decreasing the inflow by means of the stopcock 
exerted a smaller effect on the minute output, after giving digitalis than 
It had before Exactly how this difference is to be "explained” is not 
apparent Greater contractile efficiency, decrease in rate, balanced by 
greater output per beat, made it possible to receive and to expel greater 
volumes of blood, the reservoir arrangements having remained unchanged 
That the volume of flow through the heart was greater is shown by the 
fall of pressure in the right auricle (4) The effect just descnbed is 
characteristic of this preparation, free as it is of hepatic and all other 
veins save the pulmonary The failing heart, it appears, is able, despite 
the decrease in inflow brought about by constriction of the veins, simu- 
lated by shutting the stopcock in this case as much as about 40 per cent, 
to expel more blood at the same setting under the influence of digitalis 
than before its administration Inflow is in short a function not solely of 
the degree of constriction of the inflow tract, the state of efficiency of the 
heart, its ability to receive and to eject blood, is another relevant factor 
Still other expenments (the tJnrd type) were performed in dogs in 
W'hich respiration was maintained by positive pressure, a Y-shaped can- 
nula being fixed in the trachea, the two limbs of which were connected 
with the inlet and outlet tubes of a Starling pump, and in which an on- 
cometer was fitted over the heart In an illustrative expenment (Figure 
5) failure of the heart Wcis signalled by a fall in volume output from 700 
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Fig 5 The Curves are Showt^ of the Course of Events in 
Experiment Number 65 
The details are given in Table 3 
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TABIB 3 

June 10, 1931 Do^ number 65 of doi — IIJ kgm Wetghi of heart — 109J 

trams Anesthesia — Chioralose — U5 tram 


Tfaixe 

Tem- 

I>CtB 

txat 

Arterli 

pre*»- 

RUbt 

auricular 

prt»«iire 

Rate 

Volmne 
hi met 
Tolr 

m 

Output 

per 

beat 

Cboujcei 
hi heart 
Tolmne 

burette 

lerel 

Blood 

•ocor 




cm 

ptr 






MffK. P*T 


C. 

Bi 

BfO 

mlnuU 


cc. 

cc. 

a. 

cc 


lias 

Opcraticra began 








Pm 











i2ai 



1-04 


106 

34 

142 

330 


49 


blood 










reservoir) 


1-07 





620 






1 11 

374 

106 

34 

136 



5 1 

+ 04 

01 

82 

1 23 

37 5 

104 

34 

136 

mESm 


47 

0 



lai 

37 4 

104 

3 25 



540 

40 

-09 



1 44 

37 7 

104 

3*2 

136 

■ixil 

540 

40 

-05 



1 50 

374 

104 


136 


540 

40 

-05 



1^ 

37 5 

104 


134 


540 

40 

“01 



2-05 

374 

104 


138 


soo 

36 

+ 05 

385 

402 

2 15 

38 0 

106 

345 

140 


570 

4 1 

+ 0,5 

(Blood 

noted in 









pcncardium) 

2 25 

374 

106 

34 

144 


610 

42 

+ 09 



2J1 

374 

106 

34 

140 


550 

39 

+ 05 



2 41 
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ccm to 410 can per minute The heart dilated, the venous pressure 
rose Important changes did not take place in the pulse rate or in the 
temperature When digitalis was injected, the minute output rose to 
almost Its onginal level There was prompt and striking decrease m its 
volume, the decrease continumg for a short time after the maximum 
output was attained In all probability, the pericardium being open, 
the heart even then was relatively dilated, in companson with its original, 
natural size The change illustrates the fact, however, that, when heart 
muscle fibers are stretched more than a certam length, shortenmg does 
not, as IS the case of normal hearts, decrease but rather mcreases the 
mmute output Comadent with the nse m output, occurred a distmct 
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fall m right auncular pressure The rate of the heart beat also fell but 
only si\ a minute 

Propelling blood against more than an atmosphere of intrapulmonary 
pressure did not in this experiment interfere with the ability of the heart 
to increase its output when digitalis was administered It is striking, 
furthermore, how great were the concomitant effects on the size of the 
beat and on the pressure in the right auricle Despite decrease in 
volume, the output was increased to so great an extent that it was able 
to receive blood and to propel it onward toward the lungs so competently 
as to lower the pressure in the right auncle very considerably 

Twenty-three experiments m all are reported In one-half the final 
effect of the action of digitalis was to decrease the rate of the heart, 
though in one-half of these, the fall was preceded by a slight rise In 
two expenments only did the rate increase promptly and permanently 
In the remainder it remained practically constant These statements 
refer only to rates dunng periods of normal cardiac mechanism As 
terminal phenomena, paroxysms of ventricular tachycardia were fre- 
quently observed, and on a few occasions recovenes from paroxysms, m 
early stages In no instance did the rate of the heart beat change suffi- 
ciently so that alterations m it could be regarded senously as responsible, 
during the period of the action of digitalis, for altering the cardiac minute 
output 

Five expenments were valueless for the purpose of secunng measure- 
ments of venous pressure, of cardiac output and of changes m size of the 
heart In one case (Number 63) clots formed in the circulating blood, 
in two others (Numbers 52 and 60) large hemorrhages took place m the 
cardiometer, and m tivo additional ones (Numbers 55 and 57) ventilation 
under negative pressure failed The tivo cases last mentioned are, how- 
ever, not without interest Although they cannot yield measurements 
comparable with those found in other instances, they do, nevertheless, 
suggest reasons which explain the failure of the action of digitalis (Table 4) 

The remaining eighteen expenments (Table 4) were suffiaently 
satisfactory to permit deductions to be made from the measurements 
In all of them, the temperatures and the rate of the heart beat were ap- 
proximately constant, these factors need, therefore, not to be taken fur- 
ther into consideration The venous reservoir remained at a constant 
level after it was definitely set Since the pressure level of the " peripheral 
resistance” vaned within slight limits only dunng the course of an experi- 
ment, changes in brachiocephalic blood pressure did not occur For 
these reasons, the folloiving six vanable factors only require study (1) 
the minute output from the heart, (2) the size of the heart, (3) the pres- 
sure in the right auncle, (4) the condition of the heart, (5) the condition of 
the lungs, and finally (6) the condition of the blood which is m turn 
dependent on the state of the lungs and the rate and volume of the blood 
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flow Since expenments showing gross changes in the lungs and m the 
blood were not further studied, the last two factors (S) and (6) may 
be Ignored There remain, therefore, only four variable factors The 
first three can all be measured and since m fact they are dependent on the 
condition of the heart, measurement of them describes in turn the state of 
this organ Changes in these measurements depend, therefore, upon 
changes m the heart It should be possible, consequently, by companng 
measurements made before giving digitahs with others made afterwards, 
to describe certam of the effects for which the admimstration of this drug 
18 responsible (Table 4) Descnpbons of three typical courses of events 
have been given already The followmg description may serve, therefore, 
as a general summary 

When the pressure in the right auncle rose slowly and steadily, the 
volume output per minute and per beat decreased, and the size of the 
heart simultaneously mcreased A cardiometer was employed m ten 
only of the expenments In one case (Number 60) a leak of air invah- 
dated the results But in the other lune mstances, measurements made 
It certam that the hearts dilated In the eight cases m which an on- 
cometer was not used, it seems certain also that the hearts increased in 
size 

The effect of the admmistration of digitalis was prompt and definite as 
measured by the three catena on which reliance was placed the minute 
output, having fallen, rose, the pressure m the nght auncle, having risen, 
fell , the heart, having dilated, contracted These results were nobced m 
fourteen of the eighteen satisfactory expenments Of the remaining four, 
one (Number 57) only showed no effect, but in the other three (Numbers 
49, 52, 55) the effects were either slight or their progress havmg begun 
was promptly halted so far as concerns reduchon in size of the heart and 
nse m nght auncular pressure, though m all three the output exhibited 
a slight nse 

DISCUSSION 

These expenments, it seems, supply evidence which shows that hearts 
which are obviously failing, m that, although constantly increasmg m 
size they are expellmg ever smaller volumes of blood can, nevertheless, 
as a consequence of receiving digitalis, deliver greatly mcreased quantibes 
Since there are no blood vessels, except the bronchial and pulmonary 
vessels, nor any other structures in the preparabon than the lungs, no 
other mechanism can be responsible for this occurrence than the heart 
Itself The heart can apparently become smaller and at the same brae 
more effiaent in mcreasmg the volume of blood which it expels That an 
effect of the acbon of digitalis is exercised on heart muscle is well known, 
and also that this effect may consist at one stage m mcreasmg the degree 
of Its systolic contracbon Expenments have shown m fact that "im- 
provement” m the behavior of the heart takes place also in damaged and 
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TABLE 4 


A summary of the tndmdual experiments in the three groups 
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Group II Negative pressure, i\ith oncometer 


49 

+1 2 
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B 

-?* 

1 

-?* 

t 

37 

0 25 


50 

-1 
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4 -? 
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35 

0 25 


52 

0 

B 

4-5 2 
4 - 52 

-?* 

? 

? 

35 

0 25 



t \\Tiene\er tvo figures appear in a space the upper represents the value 
recorded immediately before the administration of digitalis, the lower the 
maximum effect of the drug 

* Continual decrease dunng the experiment 
** Continual increase during the expenment- 
t Oncometer leaked 
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TABLE 4 (continued) 
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Group III Positive pr«Bure with oncometer 
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§ Further increase in size postponed for \ar^ang periods of time although 
no decrease occurred 

*** After revi\al by positiAe pressure 
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feeble hearts But these e\penments supply e\ idence not only that 
damaged and feeble hearts can be so influenced but also that hearts iihich 
are dilated can And the> show, furthermore, that when they expel 
greater Aolumes, they may at the same time dimmish m size Smaller 
hearts manage, in short, to increase the \ olume output 

This situation is different from that m hearts w'hich, because obviously 
undamaged, are of normal size and m certain other hearts w'hich are 
damaged but are not dilated, even as the result of forced exercise (Harri- 
son and Leonard (1), Cohn and Stewart(2)) The hearts w'hich were 
studied m the experiments now reported w^ere plainly not fresh hearts 
To draw inferences from their use, as if they were, w'ould be unjustified 
But the point at issue has not to do wnth w^hether they w’^ere fresh or old, 
but essentially with w'hether the effect of digitalis is exerted m a signifi- 
cant fashion on the heart muscle, and wuth what that effect is If its 
action on enlarged hearts, dilated or hypertrophied, is admitted, but an 
effect on normal sized hearts is denied, a point in the process of lengthen- 
ing must be found at which the muscle begins to be susceptible to the 
action of the drug There may be such a point, but its presence has not, 
so far, been the subject of investigation The volume outflow may under 
definite circumstances reflect the acbon of other influences But to 
arrive at a complete description, it is not enough to study only the peri- 
pheral action of digitalis Its cardiac action has consequently been in- 
vestigated in detail In other experiments, to attempt to ascertain 
what effect on the net result might be contributed by an action on the 
peripheral circulation, especially m the portal and hepatic regions, the 
stopcock w as placed in the inflow tract to the heart Reference will be 
made to this type of expenment later 

The decrease in volume output w^hich has been noticed was thought to 
result from the tonic effect of digitalis upon the heart (2), m consequence 
of W'hich Its size diminished so much, that a large or even a usual volume 
of blood could not be received and, therefore, could not be ejected Dock 
and Tamter (3, 4) believe that an explanation of this sort must be rejected 
because it fails to take into account the behavior of the rest of the circula- 
tor>' apparatus w'hich, as they think, is simultaneously affected They 
have drawm attention (4) to a mechanism in the hepatic veins by w'hich, 
under the influence of digitalis, the lumina, the walls containing smooth 
muscle w hich contracts, dimmish and prevent the return of blood to the 
heart (10) because it is dammed back into the intestinal cavity The 
decrease in output from the heart results accordingly not from a primary 
effect upon the dimensions of the heart but from a secondary one due to 
constriction of the hepatic veins The heart becomes small, not because 
of the effect upon it of the action of digitalis but because it can not be 
filled 

Now the \essels which transfer blood from the descending aorta to 
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the infenor vena cava may be said to consist of a mam circmt, retunung 
blood chiefly from the kidneys, the pelvis and the legs, and a shunt which 
conveys blood to the intestinal viscera, chiefly to the spleen, the pancreas 
and the intestmea, and which then passes through the liver, entenng the 
infenor vena cava finally through the hepatic vems The blood flowing 
into the nght auncle is denved both from the supenor and the infenor 
Vena cava and the vena azygos The porhon which the hepatic vems 
contnbute to the mfenor vena cava is, as Grab, Janssen and Rem have 
diown (11) approximately 50 to 60 per cent or about one quarter of the 
amount which flows to the nght auncle On occasion this amount may 
be augmented to about 80 per cent or about one third of the total 

It seems to be a fact that not only individuals, but speaes vary 
considerably m the amount of smooth muscle which the walls of the 
hepatic vems contain On this, when present, digitalis acts In conse- 
quence of this action, the smooth muscle contracts and by so doing 
narrows the lumen so that blood is dammed back m the portal system 
That this result occurs, especially m dogs, is known because the pres- 
sure m the portal system rises but the extent of the poohng, important m 
the mechamsm only if great, is not known But, as recent investigations 
have shown (12) it is dogs espeaally which exhibit this anatomical 
pecuhanty The hepatic veins of cats, for example, and of human beings 
fail to exhibit conspicuous amounts of the smooth muscle Whatever 
may be the case regardmg the mechanism m question m dogs, it cannot 
be operative m human bemgs because plamly it does not exist m them to 
a sigmficant degree 

But m a given dog the possibihty of the existence of this mechanism 
remains, capable of reducing the return flow to the heart to an extent so 
great that the total volume inflow and m consequence the size of the heart 
are reduced on this account to the extent that observation shows them 
to be 

The anatomy of the hepatic vems themselves reqmres, however, close 
Bcrutmy They can, as has been said, be responsible for conveying SO 
per cent of the blood which flows back into the infenor vena cava They 
are m short each, nght and left hepatic veins, large structuieB Their 
united circumference exceeds that of the mfenor vena cava (13) In 
order to be effective in shutting off from the volume of blood retunung to 
the nght auncle as much as a quarter, the lumma of the two vessels must 
be reduced to zero — must be completely obliterated What the facts are 
is not known The muscle in the walls of the hepatic vems, though 
abundant, seems scarcely capable of so powerful an action But if they 
cannot close wholly they may conceivably close as much as 50 per cent 
If they manage this, they depnve the mflow to the auncle of one-eighth 
(12 per cent) only of its total volume And even if they succeed in bnng- 
mg about this result, the dimmution should be mcapable of explammg 

57 
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the facts found in earlier expenments (2a) The results that were found 
in those dogs ere striking The outflow decreased not 12 per cent but in 
amounts varjung between 34 and 68 per cent (with one exception in which 
it as only 14 per cent Table 5A) These are the consequences of giving 


TABLE 5 

The effect of digitalis on the cardiac output in dogs with normal hearts (A) and with enlarged 
hearts, the result of artificial valvular lesions of long standing (B) * 



B 

Dog number 

Per cent decrease 

Dog number 

Per cent decrease 

265 

66 

162 

58 

257 

38 


67 

258 

48 


32 

253 

46 

161 

62 

254 

45 


31 

252 

35 

158 

75 

251 

53 


65 

255 

34 


47 4 

264 

14 

155 

44 

259 

50 

171 

83 

261 

68 

90 

23 

263 

47 




* The data in this table are taken from the tables in papers by Cohn and 
Stewart (2a and b) 


digitalis to dogs, the hearts of which were normal When similar experi- 
ments were attempted in the dogs in which the hearts were enlarged 
(hypertrophied) (26) as the result of long standing damage to the mitral 
valves, the reduction in output was at least as great as in the normal ones 
and m some cases even greater (Table 5B) To refer the explanation of 
decreased outflow to decreased inflow — due to contraction of the hepatic 
and mesenteric veins seems, therefore, incorrect 

But this explanation of the mechanism of diminished outflow seems 
unlikely for other reasons as well The effect of the action of digitalis 
upion the heart endures for days There are records (Cohn and Stewart) 
of the persistence of the action as long as 10 days, and durations of 3 
days are not uncommon In human beings all the effects have often not 
disappeared even after 21 days In comparison with durations as long as 
these, those reported on the length of time the effect of the action of 
digitalis has been observed on the hepatic veins must be regarded as 
evanescent Unfortunately no example is shown (Tainter and Dock) in 
which the effect persisted longer than 25 minutes or, when digitalis and 
strophanthm were given in succession, for longer than 40 minutes The 
obseix’^ations were then termmated If rise in pressure in the portal 
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system is taken as the duration of the action of these drugs on the hepatic 
veins, 5 to 12 or 15 minutes seems to be the maximum penod If the 
cntenon is fall of pressure m the right auncle, this effect did not occur in 
Dog 1, began to disappear in Dog 2 after 14 minutes, and in Dog 4, after 
giving strophanthm, had regained its mitial level m 20 imnutes It lasted 
somewhat longer, for 2 hours, m Dogs F4 and FS, when the records stop 
The constrictor acbon of digitalis on the hepatic veins occurs, no doubt. 
When It fails to do so m Dog 1, the hepatic veins may be poor in muscle 
Interesting though this action is, it seems to be transient. A pomt of 
importance should be made on the matter of the duration of effect 
If, as between effect on heart and on hepatic vems, that on veins persists. 
It IS essential to know m general how long this action may be That on 
the heart is known to last for several, perhaps for many days If that on 
the veins is as long, the action of both structures must contribute to the 
final result, if not, that on the vems possesses a shght mfluence only 
The evidence concerning the effect on the veins so far assembled is 
meagre 

In intact dogs (2a and b) the effect of mjection was studied 2 to 3 
hours after mjectmg digitalis, except m two mstances when the times 
given are 14 to IJ hours And the persistence of the action is not minutes 
but 1 to 3 to 10 days If, as seems to be the fact, the hepatic veins become 
narrow, the duration of this mfluence of digitalis is so bnef that there must 
be hesitation in attnbutmg to this effect of the drug, responsibihty for the 
long persistmg decrease m outflow, a decrease which does not begm to be 
effective, or at all events did not begm to be studied, until 2 hours (2a) 
after mjection, and which persists for many days The hepatic mechan- 
ism IB plainly non-esistent m any important sense. If objection is made 
to ignonng the short duration of the effect of digitalis on the heart m 
heart-lung expenments and to insistmg upon it m connection with 
experiments on the hepatic and splanchmc vems, it may be pointed out 
that the two expenments differ Those on the heart come to an end not 
because the action of digitalis ceases, but because it proceeds often to 
still greater and graver damage The effect on the veins ceases because 
in all probability it is overshadowed by the results of trauma Whether 
its action persists, nevertheless, is unknown In intact ammals the sit- 
uation IS different, the duration of the effect is longer but it has not been 
observed beyond two hours 

To test the relation of low venous pressure to decreased imnute out- 
put, those expenments were performed m which the cahbrated stopcock 
was inserted m the mflow tract The pressure in the nght auncle rose, 
as has been described, when the heart began to fail , it fell when the heart 
revived There can be no question m these expenments of a venous 
(hepatic) mechanism , there were no vems Nor can there have been any 
change m the volume of blood to which the heart had access, the amount, 
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due to the arrangement of the expenment was always the same* If a 
change in pressure took place, as it did, the beha\nor of the heart alone 
must ha\e been responsible And this change, a fall in pressure in the 
right auricle, it was able to bring about even when, and this point is not 
without interest, a decrease in its size took place Decrease m the return 
flow IS not the condition, ob\nously, which is responsible either for de- 
crease in the size of the heart, for the outflow increased, or for the fall in 
pressure in the right auricle, because there was no decrease in the volume 
of blood ready to flow in 

A further test could be made of the possible influence of constricted 
hepatic veins on the net result of giving digitalis, so far as output is 
concerned It has already been suggested that the maximum effect 
likely to take place as the result of constnction of the hepatic veins due 
to giving digitalis is a reduction m inflow of about 12 per cent If the 
veins were shut entirely the effect, an unlikely occurrence, would be 25 
per cent WTien the heart in the experiments now reported beg^n to fail, 
the cock to which reference has been made was partially shut, so that 
volumes less than the initial ones were available to the heart Reduc- 
tions in caliber greater than 10 per cent effected a reduction m output 
but, and this is the point, the reduction in output at identical settings of 
the stopcock was greater in the undigitalized failing, than it was in the 
digitalized, heart Giving digitalis may constrict the hepatic veins so 
that the output from the heart is diminished but, as this experiment shows, 
this IS a consequence depending not simply on the degree of constriction 
of the veins but on the difference in the heart after giving digitalis The 
dilated failing heart can, from the same reduced inflow path, manage a 
greater output, and in the intact animal when the entrance pathway is 
reduced to 75 to 87 per cent, the heart can still deliver a greater volume 
than before 

But for the normal heart the restnction in inflow cannot, as has been 
shown, represent the facts Proof that this must be the mechanism on 
which decreased size of the heart and decreased output depend has been 
believed (4) to depend on the low level of venous pressure Evidence 
beyond that found in these expenments, which descnbe the course of 
events in failing hearts,to show that low venous pressure and small size 
together with diminished output, as is found in normal hearts, are not in 
necessary relation, is supplied in a study of the action of digitalis in nor- 
mal human beings It is undesirable to anticipate the report (14) which 
describes such observations, but mention may be made now of the fact 
that, in them, measurement of the venous pressure fails to show, on the 
cLSSumption which has been made, that this function of the circulation 
behaves in a v ay capable of explaining the facts 

* Those expenments in which the volume of the inflow is varied by changing 
the level of the reserv'oir are obviously different In them the head of pressure 
remains constant. 
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An effect on the tone of the heart appears to be, m the light of these 
considerations, the outstanding phenomenon And by tone is meant 
the diastolic size of the heart, for this in a given case is indicative of the 
length of fiber, the length of fiber bemg, in turn, “synonymous with 
physiological condition or fitness of the muscle fibre” (Patterson, Piper 
and Starling (15)) This, as Bodo (16) remarks, was correlated by Star- 
hng and Visscher (17) with the oxygen consumption of the heart and the 
consumption of this “was determmed by the imtial length of its muscular 
fibres, 1 e by its diastolic volume." The heart's tone may be measured, 
therefore, m terms of its diastohc volume, “provided that the work per- 
formed by the heart is maintamed constant dunng the whole of the exper- 
ment.” Since, in the experiments of Cohn and Stewart the measurements 
were made dunng penods when the dogs were in so-called basal states, 
the work which their hearts performed may be regarded as constant, and 
the effects on diastolic size, as measures of the effect of the action of 
digitalis on tone In the current experiments the situation is different 
The amount of work which the hearts did, and the rate of the contractions 
vaned, as well as the output per beat, although the resistance agamst 
which they worked was uniform These were the effects which took 
place with detenorabon of the preparation and they may be regarded as 
measures of the decrease m its effectiveness, expressed ultimately as in- 
crease m Its diastolic size If change m diastolic sire is expressive of 
change in tone, change in tone took place m these experiments as well as 
m the ones formerly reported (2o, 6) (Cohn and Stewrart) 

CONCXUSIONS 

1 The minute output from failmg, dilated hearts m dogs m heart 
lung preparations is mcreased when "therapeutic” doses of digitalis are 
admmistered This effect is the opposite of that m the case of healthy 
hearts, normal m size 

2 When the output increases, the pressure in the nght auncle de 
creases 

3 Increase in output is consistent with decrease in the diastohc vol- 
ume of the heart 

4 If the inflow, and consequently the outflow, from the heart is 
restncted, the decrease m outflow is greater in the failmg heart than m 
the same heart when it acts under the mfluence of digitalis It appears 
from this test and from the discussion m the text that constriction of the 
hepatic vems is not a significant factor m the effect which the action of 
digitalis exerts on the size of the faihng heart. 

5 In estimating the value of a drug, its usefulness m therapeutics need 
not depend on its effect of any given function which presumably is corre- 
lated with the effect of that drug on the organism as a whole. 




STUDIES ON THE EFFECT OF THE ACTION OF DIGITALIS 
ON THE OUTPUT OF BLOOD FROM THE HEART 
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TO Artificial Auricular Fibrillation 

B\ HAROLD J STEWART and ALFRED E COHN 
{from the Hospital of the Rockefeller Institute for Medical Research New 1 ork) 

(Received for publication June 16 1932) 

That an effect of giving digitalis to normal unanesthetised dogs is to 
decrease cardiac output and size and to increase the extent of ventricular 
contractions has previously been reported (1) To study in dogs, phen 
omena comparable with heart failure with edema in human beings, ex 
periments were undertaken employing several methods The one finally 
adopted was to bring about, artificially, insuffiaencies of the mitral valve 
(2) After a lesion had been made by operation, the hearts increased in 
size The dogs exhibited no signs of heart failure, however and xvere 
able to run on a treadmill as normal dogs do When digitalis xvas given 
to them, the results were similar to those occumng in normal dogs 
These were decrease m cardiac output and cardiac size, and increase in 
the extent of ventricular excursions (2) A situaUon was, however, still 
wanting in which to test the effect of gixing digitalis to animals the 
hearts of which were m a poor state functionally, a situaDon, m short, m 
which the output of blood per minute from the heart was diminished and 
the heart dilated Stewart and Gilchnst (3) and Stewart and Crawford 
(4) have shown that such a situation could be managed They found 
that when the hearts of normal dogs were made subject to auricular 
fibrillation, artificiaily induced, the volume output of blood per minute 
from the heart diminishes (3), and dilataUon of the heart, detected by in 
crease m size of its shadow in x rav photographs, may occur (4) These 
changes, decrease in output and increase m size of the heart, were al 
ready present one hour after the onset of auncular fibrillation Here 
then was a preparation suitable for testing in dogs the effect of giving 
digitalis when the functional capacity was diminished In this report 
there are described, accordingly observations on the effect of giving igi- 
talis on the cardiac output per minute, cardiac size, ventricular and fe- 
moral pulse rates per minute in unanesthetized trained dogs during aun 
cular fibnllation 
58 
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METHODS 

All the dogs w ere trained to breathe m a Benedict- Roth spirometer for 
20 to 30 minutes a da\ for ten days to two weeks before they were used 
At the end of this time they la^ quietly on the table without emotional 
disturbance, while measurements of oxygen consumption w'ere made and 
other procedures were earned out It was possible to decide at the first 
or second trial w hether a given dog w'as a satisfactory' subject In the 
technique of measuring oxygen consumption, the rubber mask described 
b> Blalock w as used (5) 

The operative procedure has already been described (6) Briefly, 
wire electrodes were sutured to the right auricle (Figure 1) The opera- 



Fig 1 This Figure Shows the Manner in Which the Spiral \\ire 
Electrodes ere Sutured to the Right Auricle 
A IS the right auricular appendix 

tions w ere performed wuth sterile precautions, the dogs being anesthetized 
with ether given by the intratracheal method After recovery from the 
prelimmaiy operation, the auncles of the heart w'ere made to fibrillate 
by stimulating them through these electrodes w'lth faradic current ob- 
tained from one to three diy' cell battenes placed in the primary circuit of 
a DuBois-Rej'mond induction coil In order to be certain that the auri- 
cles were fibrillating, as well as to calculate the number of effective beats, 
a tracing of the femoral pulse was recorded simultaneously on the same 
film with an electrocardiogram (Figure 2) (7) The femoral pulse w'as 
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transmitted by rubber tubing from a rubber cuff appbed to the nght hind- 
leg through an Erlanger capsule modified by Kolls (8) , and Kubie (9) , to a 
Frank capsule placed in front of the camera The rubber cuff on the leg 
was inflated with air to a pressure near the diastolic level The move- 
ments of a beam of light focused on a mirror glued to the membrane of the 
Frank capsule were reflected to the lens of the camera and were traced on 
the moving sensitive film simultaneously with the electrocardiogram 
Nonpolanzable electrodes were placed on the nght fore-leg and the left 
hind leg for the denvation of Lead II of the electrocardiogram 

Samples of artenal blood were drawn from a femoral artery and those 
of mixed venous blood from the nght ventncle by a special cannula in- 
serted into that chamber through the right external jugular vein (10) 
The oxygen contents of these samples were estimated by the Van Slyke 
and Neill manometnc method (11) for calculation of the artenovenous 
oxygen differences Immediately after the blood samples were drawn, 
the oxygen consumption was measured with a Benedict-Roth spirometer 
equipped with a graphic recording drum Data were available, therefore, 
for calculating the minute volume output of the heart accordmg to the 
Fick pnnciple (12) 

X-ray photographs of the heart taken at a distance of 2 meters w ere 
made according to the method descnbed by Stewart for obtaining photo- 
graphs of the hearts of dogs under uniform conditions The \ ray shad 
ows of the heart a ere traced on thin paper and the areas measured ivith a 
planimeter (13) 

Plan of observations 

The day after the preliminary operation the following observabons 
were made The dogs, in a basal metabolic state, lay quietly on the table 
without anesthesia A set of observations consisting of an \ ray photo 
graph of the heart, samples of artenal and of mixed venous blood, 
measurement of oxygen consumption, and electrocardiograms together 
with simultaneous femoral pulse traangs, was taken dunng the penod of 
normal cardiac rhythm, hereafter called the ' penod of normal rhythm " 
Taking a complete set of observations required usually 30 to 45 minutes 
The nght auncfe was then made subject to fibnllation At the end of 
approximately one hour, designated the “period of auricular fibrillation,” 
while the auncles were still fibnllating, a second set of observations was 
made Then, while this rhythm was maintained by continuing faradic 
stimulation, tincture of digitalis (Upsher Smith) was injected intraven 
ously in an amount calculated to be 25 to 30 per cent of the lethal dose ^ 

‘ This amount was chosen because Robinson and Wilson (14) found the 
therapeutic dose of digitalis tor cats to be 30 per cent of the calculated lethal 
dose, and because Cohn (15) found that the dose for cats must be multiplied 
by the factor 1 16 to arme at a comparable quantity for dogs We have 
accordingly injected this amount of the tincture To set eral dogs we adminis 
tered digifoUne (Ciba) 0 5 cc per kilogram of body weight (16, 17) The 
same phenomena resulted irrespective of the preparation that was gii en 






Fig 3 In This Figure Is Shown the Effect of Giving Digitalis 
ON Cardiac Output, Cardiac Size, Ventricular Rate and Femoral 
Pllse Rate per Minute in Dog 231 (April 14, 1927) During Artificial 
•\lricllar Fibrillation 

In this figure as veil as in Figure 4, the points on the cur\es shov the exact 
tune (abscissa) at vhich each obser^atlon vas made In order to bring into 
relief the relations betveen the xanous situations at these times, the curves 
are draw n in dotted straight lines as though these relations existed throughout 
the xanous penods In this figure and in Figure 4, N R indicates normal 
rhx thm and A F , auricular fibrillation 





The effect oj gmnt dtptalti on the carduse output cardiac size and nentncular rate in dogs miject to artificial auricular Jlbnhalion 
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Approximately one hour later, dunng the “period of auncular fibrillation 
UTth digitalis," the auncles still fibnllating, a third set of observations was 
made Stimulation of the auncles was then discontinued and the rhythm 
of the heart became normal again After another hour, designated the 
" period of normal rhythm with digitalis,” a fourth set of observations was 
made De^^atlon from this schedule, whenever it occurred, is shown in 
the tables 

There are complete observations in four dogs The results secured in 
the c<ise of dog 231 serve to illustrate the course of events (Table 1, Figure 
3) WTien the heart was beating normally at a rate of 150 per minute 
its output was 1112 cc perminute, and the area of the heart measured 36 5 
sq cm (Table 1, Apnl 14, 1927) One hour after the onset of auricular 
fibnllation and while this rhythm was still present, the ventricular rate 
being 300 to 330 (Figure 2) and the femoral pulse rate 120 to 180 per 
minute, the cardiac output fell to 864 cc per minute or 78 per cent of its 
initial value (Table 1, Figure 3), and the area of the heart measured 39 6 
sq cm , an increase to 109 per cent of its initial size While the auncles 
were fibnllating, tincture of digitalis (Upsher Smith) 2 0 grams was given 
intravenously Eighty-five minutes later, under the influence of digitalis, 
the ventncular rate decreased further from 200 to 120, and the corres- 
ponding femoral pulse rate from 200 to 110 per minute, the pulse defiat 
being smaller, the heart was, m short, still beating irregularly but more 
slowly and more forcibly, there being only a few ineffective beats The 
cardiac output increased to 976 cc per minute (88 per cent of its imtial 
value) and its size decreased to 36 0 sq cm (99 per cent of its initial size) 
Then stimulation of the auricles was discontinued and the rhythm of the 
heart again became normal One hour later the cardiac rate was 190 to 
200 per minute, the heart still being under the influence of digitalis Since 
there was no longer a pulse deficit, the cardiac output increased to 1261 cc 
per minute (113 per cent of the imtial) though the area of the heart re- 
mained unchanged (36 5 sq cm , 100 per cent) When the observations 
were repeated one week later (Apnl 21, 1927) similar results were ob- 
tained (Table 1), with this exception that cardiac output and cardiac 
size both diminished when the rhythm of the heart became regular again 
in the final (fourth) penod 

Summary With the onset of auncular fibrillation the cardiac output 
decreased and the heart dilated When digitalis was given the size dim- 
imshed and the output increased, that is to say, the capacity of the heart 
to expel blood increased The results in the three other dogs were similar 
to these The most frequent effect observed after the end of stimulation, 
when the rhythm agam became regular, was further decrease m the size of 
the heart and a decrease in output In other instances, as in the one 
descnbed in detail, cardiac size remained unchanged from that in the 
fibnllatory state and the cardiac output mcreased 



TABLB 2 

Th$ effed oj giving digitalis on Iko relaitve blood Jlow, cardtac sta and vontrtcvlar raio tn dogs suited to ariificsal auncvlar fibriUalicn 
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t Tincture of digitalis (Upsher Smith) given intravenously 
N R = normal rhythm 
§ A F = auncular fibrillation 

J In this dog observations were made during a second "penod of auncular fibnllation with digitalis 
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Fio 4 In This Figure Is Shown the Effect of Giving Digitalis 
ON THE Relative Blood Flow, Cardiac Size, Ventricular and Femoral 
Pulse Rates per Minute in Dog 226 During Artifictal Auricular 

FtBRULATION 
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In four untrained dogs similar observations were made (Table 2) 
The arteriovenous oxygen difference was measured representing, as it 
does, the oxygen consumed by the tissues per liter of blood, and from this 
the relative blood flow - (6) has been calculated, the control period being 
placed at 100, the results in all these measurements are similar to those in 
which the cardiac output was measured Dog 226 (Table 2, Figure 4) 
may serve to illustrate the course of events There was decrease in rela- 
tive blood flow and increase m cardiac size when the cardiac mechanism 
was that of auncular fibnllation , increase in output and decrease m size 
when digitalis was given during this rhythm and finally, decrease in out- 
put and decrease m cardiac size with the retium of the normal rhythm 
The results in the three other dogs are similar 

A note on the effect of giving digitalis to a dog in the presence of edema 

artificially induced 

In dog 265, edema of the extrenuties occurred as a result of taking 
sodium bromide* (18, 19, 20, 21) The flmd intake was uniform, being 
1500 cc a day The diet consisted of milk and eggs given by stomach 
tube at the same time each evening The output of unne was meaisured 
The dog was trained in the use of the spirometer for measunng oxygen 
consumption All measurements were made when the dog was m a 
basal metabolic state On November 27, 1928, when edema appeared, 
the cardiac output measured 1550 cc per minute and the area of the 
hecirt 48 3 sq cm , the left and right ventncular excursions measured in 
moving x-ray films (1) 2 8 mm and 3 4 mm respectively (Table 3, Figure 
5) Tincture of digitalis (Upsher Smith) 2 7 cc was given intravenously 
to this dog after these measurements had been made The output of 
unne increased, the dog lost weight, and became free of edema on Novem- 
ber 30 Twenty-four hours after the admimstration of digitalis, cardiac 
output increased to 2100 cc (136 per cent of the imtial output), cardiac 
size decreased to 47 5 sq cm (89 per cent) and the left and nght ventri- 
cular excursions both increased (4 8 mm and 4 8 mm respectively) 
Two days later still, when edema had quite disappeared, the cardiac out- 
put increased still further to 2550 cc (173 per cent), cardiac size dimin- 


* "Relative blood flow” is a ratio between some state of flow and another, 
for example, between the artenovenous oxygen difference per liter of blood in 
a normal cardiac mechamsm and an abnormal one, the metabolism, that is to 
say, the oxygen consumption, remaimng constant 

* This dog was given by stomach tube sodium chlonde 15 0 grams (10 per 
cent solution) a day for 5 days She was then given, in the same manner, 
sodium bromide IS 0 grams (10 per cent solution) a day for 5 days, when she 
became drowsy Four days later (November 27, 1928) edema of the extremities 
was observed Water was given in the morning with sodium chlonde or 
sodium bromide, and milk and eggs in the evening to bnng the total daily 
intake of fluid up to 1500 cc. The calonc value of the food intake was constant 
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Fig 5 In This Figure Is Shown the Effect of Giving Digitalis 
ON Cardiac Output, Cardiac Size and Extent of Ventricular Excursions 
IN Dog 265, Subject to Edema, the Result of Oral Ingestion of Sodium 
Bromide 

In interpreting the symbols relating to the presence of edema, 0 = absent, 
+ = present, — = unchanged, and \ = decreasing 
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ished further to 42 4 sq cm (88 0 per cent), and the ventncular excur- 
sions mcreased to 5 2 mm (left) and 5 6 mm (right) 

Summary When digitalis was given to a dog, the subject of edema 
artificially mduced, cardiac output mcreased, cardiac sire dimimshed 
and the extent of ventncular excursions increased The dog lost weight 
and became free of edema 


DISCUSSION 

That the effect of giving digitalis to mtact normal dogs is to decrease 
cardiac output and cardiac sire and to increase ventncular excursions 
appears to be a fact (1, 17) Its effect m dogs in which the hearts were en- 
larged, but in which there was no evidence of heart failure has also been 
studied In this situation, as in the normal one, the effect was to decrease 
cardiac output and cardiac size and to mcrease the extent of ventncular 
excursions (2) The effect of giving digitalis has been studied therefore 
under the followmg orcumstances First, in normal dogs the hearts of 
which were normal in size, second, in dogs the subject of muscular hyper- 
trophy following the creation of artificial valvular lesions In both these, 
the result is decrease in output And now there is a case m which infor- 
mation was still lacking, namely, m mtact, imanesthetized dogs m which 
the cardiac output is diminished and the heart dilated due to the action 
of auncular fibrillation artifically mduced The result is increase m 
cardiac output and decrease m cardiac size Insuffiaent hearts become 
smaller, it seems, and, unlike normal hearts m which it decreases, mcrease 
their output as the result of a change dependent on the heart itself, and 
obviously independent of changes m a penpheral methamsm, such as that 
of the throttle action of the hepatic veins The outstanding pomt is this, 
that at a time when the basic mechanism of the heart beat remained un- 
changed, the action of digitalis resulted m mcrease m output, though the 
rate decreased, occasionally it mcreased the output still more when the 
normal rhythm was restored, though the normal did not attain the fibnlla- 
tory rate 

In these observationa and m the ones published m the third paper (22) 
parallel phenomena have been studied m dogs and in human beings, 
namely, the effect of givmg digitahs to normal animals and to normal 
human beings on the one hand , on the other, the effect m dogs m which the 
cardiac output is dimimshed and dilatation is present, and m patients the 
subjects of heart failure, whose hearts are enlarged and their output dim- 
inished The output, both m normal dogs and m normal men, as well as 
the size, decrease, m diseased human beings and m abnormal dogs dunng 
heart failure, mcrease m output and decrease m size take place Discus- 
sion of these results will be found m a third report (22) It is sufficient 
to state now that digitalis seems to exert the same essential effects both 
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m normal and diseased hearts, it decreases cardiac size, its effect on tone, 
and it increases the extent of ventncular contraction, its effect on con- 
traction (1, 2) 

Edema which results in dogs from the oral administration of large 
doses of sodium bromide is probably not analogous to edema occurring in 
heart failure The mechanism of its occurrence is not clearly knoivn 
It is presumably the result of shifting of ions in the blood, so that bromide 
ions are substituted for chlonde ions, in consequence of this process, 
w’ater is retained in the tissues The course of events following the 
administration of digitalis in this condition resembles that in heart failure 
in human beings, namely, the cardiac output increases, the cardiac size 
decreases and the extent of ventricular excursion increases 

SUilMARY AND CONCLUSIONS 

1 Dunng auncular fibrillation when the ventricular rate is rapid 
the cardiac output per minute is less than it is during the normal, slower 
sinus rhythm (3) In consequence of this abnormal rhythm in intact unan- 
esthetized trained dogs the heart increases in size This conclusion is 
based on a larger number of observations than was possible in an earlier 
paper (4) 

2 When the cardiac output is diminished and the heart is dilated due 
to artificial auricular fibrillation, the administration of digitalis results 
in increase in cardiac output and decrease in cardiac size 

3 Wdien the normal rhythm returns, the heart being, of course, still 
under the influence of digitalis, the output either increases, the size 
remaining unchanged (from that in the fibnllatory state) , or both output 
and size decrease 

4 The observations show, as do the ones next to be reported, that 
digitalis has the same action in normal and in pathological hearts, it 
decreases cardiac size (an effect on tone) The amount of the cardiac 
output w'hich results from this action depends upon the initial size of the 
heart, it decreases in normal hearts, and increases in dilated ones 

5 In a dog, the subject of edema due to taking sodium bromide, the 
administration of digitalis increased cardiac output, decreased cardiac 
size and increased the extent of ventncular excursions 
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STUDIES ON THE EFFECT OF THE ACTION OF DIGITALIS 
ON THE OUTPUT OF BLOOD FROM THE HEART III » * 

Part 1 The Effect on the Output in Normal 
Hhman Hearts 

Part 2 The Effect on the Output of Hearts in Heart Failure 
■WITH Congestion, in Human Beings 

By HAROLD J STEWART Atro ALFRED E COHN 
{From the HoepUal of the RoclefeBer Intttiule for Medical Research, Ueio York) 

(Received for pubUcation May 31, 1932) 

PART I 

THE effect on the OUTPUT IN NORMAL HUMAN HEARTS 
The action of digitalis when given to human beings is still incompletely 
understood Investigations, in recent years (1, 2, 3, 4), which have been 
directed toward elucidating its influence on the behavior of the heart have 
led to a certain degree of confusion The analysis of the results which 
have been obtained shows that inferences which were drawn were m part 
ineicact, due to utilizing the results obtained in one situation, in the normal 
hearts of dogs for example or in those of human beings, m an explanation 
of the condition of disease But beside difficulties m interpretation of 
this sort, error has tilso resulted from the use of insuffiaently tested meth- 
ods This defect in the case of human beings applies, it seems, to the 
use of the method of Field, Bock, Gildea and Lathrop (5) by certain 
investigators (1, 6), and to that of Henderson and Haggard (7) by 
others (8) The opportumty is still open, therefore, to study the mmute 
volume output ’ of human hearts under the influence of digitalis when 
they are normal and also when they are the subjects of heart disease 
This study is the more important smee the result, observed m analyzing 
the effect on normal hearts, differs, as it turns out, so profoundly from 
that which supposedly obtains in enlarged diseased ones If the two are 
really the same, fundamental conceptions concermng the circulation in 
heart failure require radical revision 

In this study digitalis was given to six normal individuals on seven 
occasions Observations were made of its effect on cardiac output, on 

‘ A preliminary report of these observations appeared in the Proc. Soc. Exp 
Biol and Med , 1931, xxix, 207 and 209 

•An abstract of these studies was read before the American Soaety for 
Chmcal Investigation, May 2, 1932 

’ It is always the volume output of blood per minute to which reference is 
made when the word “output” is used 
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CTirdiac ■^irc, on nrtcnal blood pressure, on Ncnous blood pressure, on \ ital 
cap'ciU, on cardiac rate, and on the electrocardiogram 

Measurements of cardiac output ^ere made b> the acetylene method 
of Grollman (9) which, so far as can now be judged, giaes reasonably reli- 
able rc-=ults, for the cardiac output m man measured by it agrees with the 
amount estimated simultaneously by a direct method (10, 11) Our re- 
sults, at all e\ enls, agree w ith those reported by Grollman (12) * Estima- 
tions of oxagen consumption for use in calculating the cardiac output 
w ere made w ith a Bcnedict-Roth spirometer The diastolic size of the 
heart w as traced from \-ray photographs taken at a distance of 2 meters, 
the subject being placed in a standing position, on thin paper and its area 
measured with a plammeter as suggested by Levy (13) Estimations of 
blood pressure were made by the auscultatory method The three 
standard leads of the electrocardiogram w'ere taken Measurements of 
venous pressure were made by direct methods which will be desenbed 
later The vital capacity was measured in a spirometer. 

PLAN OF OBSERVATIONS 

After eating a moderate supper the subjects went to bed in the hospital 
the night before the observations began, and remained there at rest until 
24 hours after the administration of digitalis To assure their being in a 
basal metabolic state they w'ere given small carbohydrate meals The 
\olume output was measured at 2, 4, 9, 12 and 15 hours after giving 
digitalis The meals were taken just after the 4 and 15 hour measure- 
ments Since from Grollman’s observations three hours are required to 
return to a basal minute volume output (14), though the basal metabolic 
rate may still be eleNTited 1 or 2 per cent (15), this distribution made it 
certain that the measurements were proper No water was given for 
three hours before each obseiw^ation m order to avoid the effect of inges- 
tion of fluid (16) The Gatch frame of the bed was raised one half-hour 
before obserxations so that subjects reclined at an angle of 135 degrees 
because Grollman found that mixing the gases during rebreathing takes 
place more satisfactonly in this position Patients suffenng from heart 
failure, moreo\er, often find it difficult or impossible to lie flat We 
wished the two sets of investigations to be comparable from this point of 
\Tew 

Counts of the pulse rate w ere made at intervals of a few minutes At 
the end of a half-hour, subjects rebreathed from a bag contaimng a mix- 
ture of acetylene and air Two proper samples of gas were taken for 
analj-sis and for calculation of the arteriovenous oxygen difference The 
oxx-gen consumption was then estimated Electrocardiograms w'ere 

*\\c ^ish to express our thanks to Dr E K Marshall for his kindness in 
p’aang at the disposal of one of us (H J S ) the faahues of his laboratory 
to learn this method, and to Dr Arthur Grollman for his kindness in teaching 
him his method and discussing our data with him 
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taken, followed by measurement of artenal and venous pressures and of 
vital capaaty Subjects were then wheeled m a chair to the roentgen 
laboratory to secure x ray photographs of the heart. After being weighed 
they returned to bed to await taking the next observations Records were 
made of the body temperature (rectal) The temperature of the room 
m which the studies were made was kept approximately constant (17) 
Analysis of the samples of gas for concentrations of carbon dioxide, 
oxygen and acetylene was made m a modified Haldane apparatus (9) 

Observations were made immediately before the admmistration of 
digitalis, at the intervals stated durmg the first 24 and at 24 hour intervals 
until the return of the initial cardiac output The subjects had been 
made familiar with the procedures and were not disturbed by them 
After the first 24 hours they attended to their usual daily roufanes except 
on days of observation when they remained in bed to assure their being 
m a basal metabolic state The imtial cardiac output m all except one 
was normal (Subject 4) and agreed with previous measurements in each 
case 

Ohservaltons 

Digitalis m the form of digitan (Merck) 0 8 to 1 0 gram was given by 
mouth in a single dose No one experienced nausea or vomiting 

Efftct on cardtac minute volume output The initial cardiac output in 
Subject 1 measured 3 84 liters per minute or 2 17 hters per minute per 
square meter of body surface (Table 1, Figure 1) Two hours after taking 
digitalis 0 9 gram the output remained imchanged, 4 hours afterward it 
fell to 3 68 hters per minute Progressive decrease followed The 
lowest pomt was recorded 24 hours later when it measured 2 54 hters per 
irunute or 1 44 liter per minute per square meter of body surface, equal to 
66 per cent only of its imtial value Twenty-four hours later still, the 
output was 3 01 liters per minute, that is to say, 81 per cent of the mitial 
amount. From this time it returned slowly toward normal , one week 
later it was 3 40 liters per minute (88 per cent of normal) and after another 
it was still low 

The results m the 5 other persons were similar (Tables 1 and 2, 
Figures 2, 3 and 4), with this exception, that the effect of the drug was of 
shorter duration The earliest effects were found after 4 to 12 hours , the 
maximum ones m 4 to 24 hours At the time of the maximum effect the 
output was reduced to 60 to 85 per cent of the imtial amount. 

The normal resting artenovenous oxygen difference m Subject 1 was 
58 4 ca per 100 cc. blood Two hours after the administration of digitahs 
0 9 gram it remained unchanged, four hours tifterward a slight mcrease 
occurred (Table 1) Progressive increase took place so that 24 hours 
later it was 88 0 cc. per 100 cc. blood The artenovenous oxygen differ- 
ence then returned slowly toward its initial vjdue, although at the end of 
two weeks this had not been attained 
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Effect of cttnng dtgtUiits on cardiac output cardtac n%e vtnous pressure and vital capacity tn normal vidanduais 
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MILUMPTCn. 

In'’ In I iiin 1 k I nr Ib. KLrRF''rNTrD tiif Chan( f in Size or the 
iil \IT loIIOWINl Tlir XuMlNlsTR \TION OI l)l(,ITAN 0 9 CiRAM IN SEUJFCT 
\ I Min K 1 

I Ik <nitltnt.' <if ilic htnrt wtrt tnccd from the \ ra\ photographs taken 
nil M irih 4 ind n on thin pajicr and ciiptrimpo^td in the manner shown 


The results in the 5 other cases corresponded to this one (Tables 1 and 
2 riuiirt' 2 > and 4) The decrease in si 7 e \aned between 7 and 15 per 
(eiit (to 9> and 8n per cent of the initial measurement) and was recorded 
1 to 24 hours after the drug was gnen As the effect of the drug wore off 
the hnri recaincd us original si/e 

1 feel or rariluic rate In all si\ subjects the cardiac rate fell 4 to 
1 4 1 e Us { t r minute counte-d at the time the cardiac output w as measured 
riblt'land2 Ficures 1 5 and 4) In each instance it returned toward 
the initial eount is the effect of digitalis disappeareel 

/j'te' 01 e tlorlroiordwzrnvi^ In all instances change in form of 
hi / w a\ts of the ele ctrocarehograms occurred (Tables 1 and 2) In one 
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instance (Subject 4) Tt and T, which had been positive became diphasic 
and Ti, positive at the beginning, became negative (Table 1) In an 
other instance (Subject 2) Tt which was positive became negative as the 
effect decreased it became diphasic and was diphasic still 38 days later 
when the last record was made (Table 1 Figure 7) It was upnght one 
year later, when the observntions were repeated Ti was similarly affected 


Fig 6 In This Ficure Is Represented the Chance in Size of the 
Heart Following the Adhinistration op Dicitan 0 9 Graii in Subject 
NounER 1 

Photograph A was taken on March 4 1931 immediately before and B 
on March 5 twenty four hours after the adminiAtraUon of the drug 

(Table 2, Figure 7) In the four other subjects (Subjects 1, 3, 5 and 6) 
positive Tib became either smaller or isoelectric (Tables 1 and 2) Alter- 
ations of the T waves occurred as early as two and a half hours after 
administration of the drug (Figure 7) 

Increase in aunculoventricular conduction time did not occur nor did 
abnormal rhythms or premature contractions develop In one instance 
(Subject 4) Pt became negative, to resume its earlier form as the effect 
of digitalis declined and in another instance (Subject 1) the form of the 
P waves was altered 

Effect on oxygen consumption The oxygen consumption of each indi 
vidual remained constant (Tables 1 and 2) The changes in cardiac out- 
put which were observed are therefore, not attributable to alterations of 
ov-yigen consumption, but to changes in artenovenous oxygen difference 
The normal oxygen consumption of one subject (.Subject 4) was dimin 
ished (Table 1) and remained approximately unchanged m esbmations 
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which were made later There appeared to be no adequate evpianation 
for his Ion basal metabolic rate Since the arteno\enous oxygen differ- 
ence rvas normal the initial cardiac output was less than it should have 
been for his height and weight (Grollman (12)) But after taking digi 
tabs as in the other subjects, decrease in cardiac output and in cardiac 
size took place 

Effect 011 mlal capacity Significant alterations did not occur in the 
vital capaaties of the three individuals in whom it was measured 
(Table 2) 

Effect on arterial and venous pressures Significant alterations either in 
the systolic or diastolic level of the artenal blood pressure did not occur 
(Tables 1 and 2) 

Estimations of venous pressure w'hether by direct or indirect methods 
are unsatisfactory especially from the point of view of companng the 
results over long periods of time Errors arise due to the method but also 
due to difficulty in selecting a level to represent that of the opening of the 
venae cavae into the right auricle, and in finding this again in making 
subsequent estimations For these reasons the venous pressure was 
measured in two subjects (Subjects 5 and 6) by the method of Taylor, 
Thomas and Schleiter (18), but in a third (Subject 2) three methods 
were compared In the former method the dry wall of the glass tube 
apparently hinders the nse of blood An attempt to learn the pressure 
in the nght auricle by taking the pressure elsewhere m the body is, of 
course beset wnth difficulty The changes which occur in any given 
region, independent of those elsewhere, make it impossible to be certain 
that a usual relation continuously exists between the pressures in two 
veins It IS reasonable to suppose, however, that the direction of change 
will not be uniformly different In the absence of a direct method which 
gives the pressure in the nght auncle the one that has been used yields 
perhaps the best approximation 

The third subject lay flat on a wide board without pillows at least 
1 5 minutes , his arms at his sides His venous'pressure was measured with 
the following apparatus The two arras of a Y tube supplied near their 
ongms with stopcocks were bent at nght angles to form manometers, 
the third one was connected to a needle (Figure 8) The apparatus was 
sterilized One of the tubes having a funnel at its upper end was filled 
with warm sterile normal saline solution its stopcock being closed The 
needle ivas inserted into a vein Blood flowed into the open tube The 
height of the column was measured from the level of the board (“blood 
up’ ) By manipulation or by using a tourniquet, more blood was forced 
into the manometer On flowing back into the vein the column came 
to rest ( blood down ’) This stopcock was then closed and the one 
connected to the tube containing salt solution opened When this 
column came to rest, its height also was measured ( salt down ') The 
needle was alw ays inserted at the same point m the same vein 

Venom pressure estimated in these three ways showed wade vanations 

61 
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(Table 2, Figure 2) The height taken by the “blood up” method was 
usually lower than by the "blood down,” and “salt down” greater than 
the “blood up,” but sometimes it was greater and sometimes less even 
than the "blood down’ measurement All measurements were made 
from the level of the board on which the subject lay To find the correct 
pressure, a correction must be made to allow for the height of the caval 
openings above the board To learn this, x ray photographs are taken at 
2 meters, the subject lying flat on his back (Figure 9) It appears that 
the height sought is approximately 11 0 to 12 0 cm This, or a similar 
appropnate figure (found in each case), must be subtracted from themano 
metnc value If the initial "blood up’ measurement is selected, the 
venous pressure is 19 0 cm , if the “blood down,” 22 3 cm , if the "salt 
dorni ' 23 5 cm (Subject 2) 

Detailed attention was given to the matter of the level of venous 
pressure because it has attained importance from the position taken by 
Tainter and Dock (4) who believe that decrease in cardiac output in nor- 
mal dogs after giving digitalis is due to constriction of tlie hepatic veins 
The venous pressure, they found, was low In the three human cases 
studied when alterations in cardiac minute output are correlated with the 



Fig 9 In This Figure Is Snowoi the Position of the Arm During 
Measurements of Venous Pressure in Subject Number 2 (Table 2) 

The anatomical dietancea are given 

f This measurement was made from an X ray photograph of the chest 
(lateral view) taken at a distance ot 2 roctera 

height of the venous pressure, it appears from estimations made that no 
consistent change was observed 

In one instance (Subject 5) the minute output diminished to 86 per 
cent of Its normal amount four hours after giving digitalis (Table 2, 
Figure 4), the venous pressure havmg increased 1 0 cm (from 5 0 to 6 0 
cm ) At the end of nine hours when the output fell to 79 per cent the 
venous pressure measured 2 8 cm , although fourteen hours afterward 
when the output was again 86 per cent the pressure was high (8 3 cm ) 
Forty-eight hours afterward, when the minute output was normal (97 
per cent), the venous pressure was low (3 5 cm ) In a second patient 
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The output of blood from the heart decreased (2) The size of the heart 
diminished (3) Slight decrease m cardiac rate occurred (4) These 
effects were at a maximum four to twenty four hours after giving 
the drug (5) Significant changes did not occur in the levels of artenal 
and venous pressure (6) Changes in form, sometimes slight, of the 
T waves of the electrocardiogram occurred in each instance and were 
present as early as 24 hours after the drug was given (7) As the effect 
of digitalis wore off (48 hours to 3 weeks) output, size rate, and the 
T waves of the electrocardiogram returned toward tlieir initial values 
(8) ^ correlation was not established from these data between decrease 
in cardiac output and change in the level of venous pressure 

PART n 

THE ErrECT ON THE OUTPUT OF HEARTS IN HEART FAILURE 
W'lTH CONGESTION, IN HUXUN BONGS 

It has been demonstrated as a fact that giving digitalis decreases the 
cardiac output and cardiac size in normal human beings WTiat the 
effect of its administration is when hearts are in a state of failure is sbll 
unknowm Investigations to discover this have, therefore, been under- 
taken and are now reported 

Seven patients exhibiting signs and symptoms of heart failure were 
studied Although Grollman, Proger and Dennig (11) have shown that 
the acetylene method is adequate for the analysis of cardiac pahents ex- 
hibiting pulmonar> stasis, since the gases in a rebreathing bag come into 
equihbnum with the blood leaving the lungs within a prescribed bme, 
only such cases were selected as were to all intents and purposes free of 
pulmonary congestion The lungs were usually clear at the time the 
measurements were made Rarel) at the extreme bases behind, a very 
few rales were heard on deep breathing 

METHODS 

All die patients when studied were at rest in bed They were taking 
ward diet, free of salt except that used in cooking The intake of fluid 
was except in the case of one patient, limited to 1200 cc a day In the 
excepted case it was not limited Measurements of cardiac output were 
made as m normal persons b> the acetj lene method (9 10 11) Owing to 
the difficulty cardiac patients expenence in breathing when recumbent, all 
observations were made one half hour after assuming the sitting position 
(20) at an angle of 135 degrees, the legs being fully extended They were 
made familiar with the procedures beforehand The vital capacity of 
the patients was estimated and the volume of gas in the bag adjusted to 
that amount which each, within a given time, could mix completely 
(9, 10 11) This adjustment is necessary because it is impossible, during 
dyspnea when the vital capaaty is diminished, for patients to manage an 
amount of gas (■2400 cc.) as great as can normal individuals 
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hypertension the anaiomtcal cardiac hypertrophy mitral insuffiaency , left 
\entncular preponderance the physiologtcal normal sinus rhvthm heart 
failure of the congesti\c type (first attack), pulsus alternans 

His cardiac output dunng the period of heart failure measured 2 90 liters 
per minute* on March 17, and 2 88 liters three da>B later (March 20) (Table 3, 
Figure lOA) The area of the heart equalled 198 3 sq cm (Table 3 Figures 
11 and 12) When digitalis (digitan 1 0 gram) was given (March 20) diuresis 
occurred (Figure lOA), he lost weight became free of dyspnea and palpitation 
and the liver became smaller (March 25) On March 21 15 hours after 
taking the drug the cardiac output increased to 3 54 liters per minute and 
the size of the heart decreased to 180 2 sq cm (March 22) sloping of the 
cardiac rate and alterations of the form of the T wav es of the electrocardiograms 
occurred (Table 3, Figures lOA, 11 and 12) As the effect of digitalis wore 
off the signs of heart failure reappeared (dyspnea palpitation, enlargement of 
the liver) Two weeks later (Apnl 6) the cardiac output fell to 2 62 liters 
per minute and the size of the heart increased to 193 6 sq cm When digitalis 
was given on three other occasions April 6, May 11 and June 12, results 
Similar to those just described were observ ed increase in diuresis and m cardiac 
output, and decrease in cardiac size As the effect of digitalis declined the 
signs of heart failure reappeared output decreased and cardiac size increased 
(Table 3 Figures lOA and lOB) 

Summary In this patient exhibiting normal cardiac mechamsm m 
the presence of signs and symptoms of heart failure of the conges^tive type, 
the volume output of blood from the heart was diminished and the heart 
was large On administering digitalis on each of four occasions, output 
increased and the size of the heart diminished Changes in the reverse 
fashion occurred as the effect of digitalis disappeared Giving digitalis 
induced diuresis on each occasion and was followed by amelioration of 
hia signs and symptoms 

Ca5c £1 M R (Hospital number 7852), a Negro aged 33 years w'as 
admitted to the hospital on September 22, 1931 He enjoyed good health 
until he “caught cold four months before admission and suffered from 
shortness of breath for a few days This expenence was repeated two months 
later On admission he complained of shortness of breath The heart was 
enlarged there were signs of mitral insufhaency and aortic roughening 
There wereafewraiesatthebasesof thelungs posteriorly X ray photographs 
of the chest showed that there was a small collection of fluid in the space 
between the upper and lower lobes of the right lung The liver was enlarged 
Asates and edema of the extremities w ere present The systolic blood pressure 
measured 150 mm Hg the diastolic 400 mm Hg The Waasermann reacbqn 
in the blood was positive The etiological diagnosis was syphilis the awa 
tonncal cardiac hypertrophy mitral insufiiaency aortic roughening left 


• In the descnption of events and in the figures the total cardiac output 
per minute is recorded Calculation of the cardiac output on the basis of the 
surface area of the body (liters per minute per square meter of body surface) 
frequently showed the changes m a more striking manner espeaally if diuresis 
occurred and the patient lost weight These measurements are included in 
the tables (Tables 3 and 4) 
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the In cr increased in size Ten daj slater (October 5) the cardiac output was 
only 1 44 liter per minute and the heart was larger 134 2 sq cm Digitnn 
1 0 gram was gnen a second time (October 6), but diuresis failed to occur 
He became houeier less dvspneic Next day there was a temporary rise in 
the cardiac output (2 21 liters per minute) and decrease m cardiac size (125 8 
sq cm ) He became more dyspneic the liter increased in size ascites ap 
peared and on October 13 the output fell to 1 63 liter and cardiac size rose 



B 

Tig 10 A and B In These Figures Is Represented the Fffect of 
Giving Dicitaus on Cardiac Output, Cardiac Size and Voluiie of 
Urine in D T T (Case 1) 

The cardiac mechanism was normal during heart failure 
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wore off These events were repented to a lesser degree on a second ad 
ministration of digitalis though diuresis did not occur But when theo 
calcin was given, diuresis took place, the output increased and the 
size of the heart decreased to an amount greater than resulted from giving 
digitalis 

Case S \V N (Hospital number 7712) a white man aged 32 jears was 
admitted to the hospital on March 26 1931 He suffered from attacks of 
rheumatic fever at 17, 18 and 29 jears of age His heart was affected during 
the first attack Shortness of breath beginning suddenly when he was 28 
years of age incapacitated him for two weeks afterward dyspnea was present 
on exertion Four months before admission dyspnea increased and edema of 
the extremities appeared One month later he stopped work Digitalis was 
prescnbed and he became free of edema Recently taking the drug induced 
\ entncular premature contractions coupled rhythm resulted He discovered 
that breathing deeply or coughing usually relieved him of this rhythm On 
admission he was cyanotic there were a few rdles at the bases of the lungs 
postenorly the pleural cavities were free of fluid ascites and edema of the 
extremities were present and the liver was swollen The heart was enlarged, 
Its rhythm regular There were signs of mitral stenosis and insufficiency and 
of aortic insuffiaency The etiological diagnosis was rheumaUc fever the 
avaloniical cardiac hypertrophy, aortic insufficiency mitral stenosis and 
insuffiaency right ventncular preponderance tlie physiological regular sinus 
rhythm ventncular premature contracnons, heart failure of the congestive 
type (first attack) 

On March 30, the heart's output was low (2 72 liters per minute) and its 
size large (252 7 sq cm ) (Table 3) On administrapon of digitalis (digitan 
1 0 gram) (March 30) coupled rhythm due to ventncular premature contrac 
tions occurred and persisted Diuresis did not take place He gained weight 
Twenty four hours after taking digitalis (March 31) the cardiac output re 
mained approximately unchanged but the sue of the heart decreased slightly 
Seventy two hours later, the cardiac output fell to 1 87 liter per minute 
The rhythm was still coupled 

Summary In this instance digitalis was without diuretic effect 
Although the size of the heart became pmaller, cardiac output was at 
first unchanged, though it diminished later Coupled rhythm occurred 
after digitalis was given, and persisted Alterations in the form of the 
T waves of the electrocardiograms occurred 

The effect of giving digitalis when the rhythm of the heart is normal and 
when there are iio signs of heart failure of the congesDve type was shown in 
the case of C M {Case 4 Hospital number 7779) a white girl who was admitted 
to the hospital May 22, 1931, complaining of dyspnea She suffered attacks 
of rheumatic fever at ages 5, 6 7, 8 9 and 12 years When first examined 
at this hospital at 9 vears of age, involvement of the heart had already occurred 
Dyspnea first appeared when she was 13 years of age On admission to the 
hospital at the age of 21 years the heart was enlarged there were signs of 
mitral stenosis and aortic insuffiaency Dyspnea was present There were 
no signs of heart failure of the congestive type The etiological diagnosis was 
rheumatic fever the analoiuical cardiac hypertrophy, mitral stenosis aortic 
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of rheumatic fever at 26 ^eara of age involvement of the heart occurred at 
that time Dvspnea and palpitation began 16 months before admission 
following over -exertion He took digitalis irregularly On admission the 
heart was enlarged Auncular fibrillation was present There were signs of 
mitral stenosis and insufficiency and of aortic insuffiaency Cyanosis was 
present There were a few rfiles at the bases of the lungs postenorly which 
disappeared within twenty four hour^ Edema of the extremities and ascites 
were not present the liver was palpable The etiolog-ical diagnosis was 
rfieumatic fever the anatomical cardiac hypertrophy, mitral stenosis and 
insuffiaency, aortic insuffiaency, left ventricular preponderance, the physio 
logical auncular fibnllation 

When admitted to the hospital he was under the influence of digitalis 
the ventricular rate was slow, the pulse defiat small On November 11, the 
cardiac output measured 2 58 liters per minute, the cardiac size, 154 9 sq cm , 
and the \ntal capaaty, 2200 cc. (Table 4, Figure 15) As the effect of digitalis 
wore off the ventncular rate became more rapid and the pulse defiat wider 
Body weight increased and dyspnea became more severe He complained of 
palpitation and cardiac pain The liver became larger On November 28 
the cardiac output fell to 2 23 liters per minute, the size of the heart rose to 
159 7 sq cm and the vital capaaty fell to 1600 cc On the administration 
of digitalis in the form of dlgitan 1 0 gram after measurements were made on 
November 28, diuresis occurred promptly, the ventncular rate became slower 
and the patient felt better Twenty four hours later his output increased to 
3 40 liters per minute, the size of the heart fell to 153 6 sq cm , and the vital 
capaaty rose to 1800 cc. The admimstrabon of digitalis was continued until 
December 4 Diuresis continued, he lost waght and became free of the signs 
and symptoms of heart failure As before, when the drug was no longer giv en. 
Its effect wore off Heart failure (cyanosis, dyspnea, palpitation, cardiac 
pain enlargement of the hver, rapid ventncular rate, gain in body waght, 
decrease in vital capaaty) reappeared The cardiac output fell to 1 67 Uter 
per minute (January 5) and the size of the heart increased to 164 6 sq cm 
Venous pressure measured 11 6 cm of blood Digitan 1 0 gram was given a 
second time Diuresis again occurred promptly and the ventricular rate again 
became slow The output increased to 2 47 hters per minute and the size of 
the heart fell to 144 5 sq cm The venous pressure fell to 3 0 cm of blood 
and the vital capaaty increased to 1900 cc. Diuresis continued until the 
patient became free of heart failure 

Summary In this case the volume output was less and the size 
greater during heart failure than during the state of compensation On 
admimstration of digitahs, cardiac output increased, cardiac size dimin- 
ished, vital capaaty increased, venous pressure decreased, ventncular 
rate became slower, and the patient became free of the signs and symp- 
toms of heart failure As the effect of digitalis wore off, changes occurred 
in the reverse direction 

Case 0 M C (Hospital number 7489), a woman 51 years of age was 
admitted to the hospital on May 6, 1931 Dyspnea appeared first when she 
was 46 years of age A first attack of heart failure occurred two years later 
On admission she was suffering from a fourth attack of heart failure. She 
had been complaimng of shortness of breath and awelhng of the feet and 

62 
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'’t'^inncn fo- four Tiic f ' o/oi; cnl (h^s:nn=I‘; wn": imlnovn, the erj- 

I :cc-l enhrpcmcnt of hcirt, chronic nn ocarditK, riqhl \cntriciilTr p'c 
pnndcnncc, mitril inciifTiacnct the pi i.fioloztrrl niiriciihr librillntion, 
\tntnciihr prcimturc contraction-^, heart failure of the concc-^tivc tspc 
(fourth attaeV ) 

The cardiac output wa*! 2 44 liter-; per minute on Ma\ 20, and the -;irc of 
the heart 185 3 <;q cm (Table 4, I iRurc 16) Site had not taken diRitahs 



Tig 16 In Tins Figgre Is Represented the Effect of Gimng 
Digit \L is on Cardivc Oetplt, Cardiac Size and Voldme of Urine in 

M C (C\SE 6) EnUIBITING AdRICULAR ElBPrLLATION 
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since admission to the hospital The ventncular rate was rapid, the pulse 
defiat was great, there were a few rhles at the bases of both lungs posteriorly 
there was edema of the extremities asates was present, the liver was enlarged 
On the same da> she was given digitalis (digitan 1 0 gram) The ventncular 
rate became slower, diuresis occurred, she lost waght, rSles, edema and asates 
disappeared, and the liver became smaller Two days later (May 22) the 
cardiac output rose to 3 45 liters per minute and the size of the heart fell to 
167 3 sq cm The vital capaaty rose from 1650 to 1825 cc. 

Summary In this patient exhibiting auncular fibnllation, the cardiac 
output was diminished and the size of the heart large during heart failure 
On the administration of digitalis the output rose, the size diminished 
and the patient became free of edema 

Case 7 M J (Hospital number 5783), a white woman, 38 years of age 
was admitted to the hospital on January 11, 1932 Hypertension had been 
present for five years and auncular fibnllation for three years On admission, 
suffenng from a seventh attack of heart failure, she exhibited marked edema 
of the extremities and enlargement of the liver There were a few rSlea at 
the bases of the lungs postenorly The heart was large the ventncular rate 
rapid The systolic blood pressure measured 180 mm Hg, the diastobc 
140 mm Hg The etiologtcal diagnosis was artenal hypertension the ana 
iomteal enlargement of heart, left ventncular preponderance the physiological 
auncular fibnllation, intraventncular heart block, heart failure of the con- 
gestive type 

The cardiac output measured 1 78 liter per minute on January 19, and the 
venous pressure, 9 5 cm blood (Table 4, Figure 17) The heart was enlarged 
to such an extent that its left border in the x ray photographs could not be 
distinguished from the shadow of the chest wall for this reason its size was 
not measured Digitalis (digitan 0 8 gram) was given, the ventncular rate 
decreased and 24 hours later (January 20) the cardiac output rose to 2 48 
liters per minute, and the venous pressure fell to 6 5 cm blood As diuresis 
did not occur at once, the administration of theocalan was begun on January 
21 Cardiac output increased to 4 05 liters per minute and the venous pressure 
fell to 3 5 cm of blood Diuresis occurr^ and persisted until the patient 
became free of edema 

Summary In this patient exhibiting auncular fibnllation with a 
rapid ventncular rate, the cardiac output was diminished dunng heart 
failure Following the administration of digitahs, output increased, 
venous pressure fell, and ventncular rate became slower The adminis- 
tration of theocalan was more effective than digitalis in the relief of heart 
failure It resulted also m greater increase in cardiac output 

SUMMARY 

The expenence gamed from a study of these patients makes it dear 
that ( 1 ) the volume output of blood per minute from the heart in human 
beings IS diminished dunng heart failure, both when the cardiac mechan- 
ism 18 normal and when auncular fibrillation is present 
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(2) During heart failure thfc size of the heart is larger than it is when 
m a state of compensation 

(3) When improvement results, the admimstration of digitahs occa- 
sions (o) Micrcase in cardiac output, (6) decrease m cardiac size, (c) 
decrease in venous pressure, (li) increase m vital capaaty, («) slowing of 
the ventricular heart rate (/) Changes in the form of the electrocardio- 
gram are observed at this time 

(4) The adrmmstrabon of theocalcin was more effective in the relief 
of heart failure than digitalis in two patients Giving it occasioned (a) 
increase in cardiac output, greater in amount than resulted from giving 
digitalis, (5) decrease m cardiac size, and (c) decrease in venous pressure 

DISCUSSION 

In all subjects, normal as well as those suffering from heart failiue, 
alterations m form of the T-waves of the electrocardiograms followed the 
admimstration of digitalis They were frequently the earliest effects 
observed The alterations were not umform, the most characteristic 
and usual one was negativity of Tt (21), in certain cases Ti and Tt, how- 
ever, also became negative, Ti or Ti or Tt sometimes became diphasic. 
On the other hand, waves which were negative became positive, and 
finally changes in amplitude only, occurred The point to be empha- 
sized 18 that change m form of the waves always took place 

There is ample expenence with theocalan in the treatment of heart 
failure to show that it is often useful m the rehef of edema when digitalis 
fads (22) The new expenence, although hmited to observations in two 
patients, supphes evidence that in addition its action is accompanied by 
increase in cardiac output and decrease m cardiac size and in venous 
pressure AVhat the mechanism is by which theocalan accomplishes 
these results is still unknown Various possibilities suggest themselves, 
a xanthin effect on the rate of coronary flon', a calaum ion effect on heart 
muscle, or still another form of calaum action 

It has already been shown in Part I of this paper that the results of the 
admimstration of digitalis to normal individuals differ in several respects 
from those just descnbed m patients These differences include (o) 
decrease m cardiac output, (5) decrease in cardiac size, (c) no significant 
alteration m the level of venous blood pressure, (d) no change m vital 
capaaty 

A matter of major importance which has emerged from conductmg 
these researches is the paradox that one and the same drug, digitalist 
when given to human bangs has, in normal persons, one effect, and in 
persons the subjects of heart disease, another, decrease m the output of 
blood in the former, increase in the latter, as Burwell, Naghbors and 
Regen found (1) In parallel situations m dogs (normal (23) and patho- 
logical (24)) the results resemble those now reported Is the difference m 
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rC'iill due to nn c<^=ential diflcrcnce in action or i"? it due to n dilTercnco in 
the c^-cntial conditions ^\hIch are being in\e«tigatcd^ 

In both normal and diseased heart'?, in human Iwmg'? and in dog‘? tiic 
action of digital!'? has, at least in one respect, an identical conscqucnct , in 
both, the SI 7 C of the heart becomes smaller It has also another con- 
■^equence, the \ igor of its action increases If this consequence were not 
known from former experience (Cohn and Stewart (24, 25, 26)) it would 
have become apparent from the present ones in which the output of 
blood in diseased persons increases The difference in the effect in the 
two tapes of heart, normal and pathological, results, so we think and as 
wc haxe formerly, stated, from the fact that normal hearts when under 
Its influence become smaller but, being smaller pumps, expel smaller 
xolumes, though contraction is more effectixe The net result of its 
action, if It depends upon an effect on the hepatic aeins, does so to a 
minor, perhaps to a negligible, degree only Pathologically enlarged 
hearts likewise become smaller, but not so small that their caaities 
shrink to dimensions less than normal, in point of fact, though thej 
decrease, their final dimensions are larger perhaps than when thc> 
were in their healthy state They attain, due to the action of dig- 
italis, sires commensurate with ejecting larger volumes than were pos- 
sible in the state of failure Whether decrease m size to the extent 
to which It occurs facilitates the result, the expulsion, namely in heart 
failure, of larger quantities than before, or whether the increase in con- 
tractile capabilitN brings it about, the fact is nevertheless clear that the 
heart has become smaller and that the circulation which was insufficient 
before, has become sufficient The exndence for improvement is to be 
found in the amelioration of the symptoms and in changes in the other 
plnsical signs 

The explanation of these events may perhaps be found m Starling’s 
theorj dealing with the length of the muscle fibers of the heart (27) 
The theorx is too w ell know n to require repetition It is not a w ide stretch 
to believe that it is applicable in these cases in which there is such clear 
evndence of change in size of the heart and of increase in its functional 
capacity 

There is required still, consideration of that aspect of the problem 
w Inch Dock and Tainter (3, 4) hav e brought forv\ ard The major part of 
the argument which deals v\ith their contention and the evidence v\hich 
leads us to take a different v lew , is contained m a former paper (28) 
It IS necessarv to discuss one more phase of the matter In cases v\ here 
the output becomes smaller, as in the^normal heart, the point has been 
made (3, 4) that this is due, not to a change in diastolic size of the heart, 
a change in tone, but to decrease in inflow , a result of constriction of 
the hepatic veins, indicated bv the fact that the venous pressure is lov 
Low venous pressure is, on the latter assumption, regarded as the sign of 



HAROU) J STEWART AND ALFRED E COHN 


953 


a small volume of blood available for inflow into the heart Low venou* 
pressure was found by Dock and Tainter m dogs, which they studied, 
for a maximum of two hours after the injection of a digitalis substance 

The plain result of the measurement of the venous pressure in normal 
human bemgs is that a change in pressure parallel with the volume of the 
output does not occur Based on these observations, and in view of the 
anatomical arrangement in the liver of human beings, the mechanism 
proposed by Dock and Tainter seems untenable A reason for the differ- 
ence in interpretation can be given to the last statement, depending on a 
difference in the times when their observations and ours were made — 
theirs after an interval varymg from a few mmutes to two hours, ours 
after many hours and as a matter of fact after several days The duration 
of their observations was, as has been pointed out, bnef If the course 
of the entire subsequent action in dogs is determined by events in these 
early minutes, we have no counter argument to offer But it seems un. 
likely in healthy human beings that, if the outflow is small and the ven- 
ous pressure normal or even elevated, as in several instances, the level 
of the venous pressure can be responsible for the result, in the sense in 
which Dock and Tainter wish to attribute to it a deciding influence 
The venous pressure, far from being low, is too inconstant m its behavior 
to bear the burden of responsibility for so conspicuous an action as the 
decrease in output What the venous pressure is in healthy intact dogs, 
after hours or days, is still unknown Information on this point is 
desirable 

On the other hand we have demonstrated again, and it is an observa- 
tion which 18 now well known, that fall in venous pressure is not an infre- 
quent occurrence following the admmistration of digitahs to patients 
suffenng from heart failure and edema Increase in cardiac output occurs 
in such cases, as these observations show, at a tone when venous pressure 
falls, venous pressure, in short, is high when the output is small and falls 
as output increases The venous pressure is high under these circum- 
stances not because the venous return is great but because the heart is 
incapable of propelling through its cavities all the blood which comes to it 

It seems necessary, therefore, m the case of normal hearts, theevidence 
being what it is, to hold behef in the theory that decrease in outflow is 
due to increase, expressed as decrease beyond the natural, perhaps op 
tamal length, in tone of the heart muscle 

CONCLUSIONS 

1 A consequence of the action of digitalis is to decrease the volume 
output of blood per minute from the heart in normal human beings and 
to decrease its size 

2 The volume output of blood per minute from the heart which is m 
failure is diminished and its size larger than when it is in a state of com- 
pensation 

63 
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5 IVloMre the administration of thcocalcin in patients dunny: 

I tnrt failure, cardiac output increases and cardiac sire and \cnous prcs- 
•-u'c diminish 

4 Givinc dipitahs increases the \olumc output of blood per minute 
from failinc hearts and decreases their size 

5 Dipitahs, uc think, has similar, perhaps identical, actions both 
in normal and in diseased hearts, it decreases cardiac size and Jiirrcasw 
the CNtcnt of \cntncular contraction (23) The consequence of these 
actions IS that the aolume of the cardiac output which results differs, 
dcpendincr on an initial difference in size of the \ entncular ca\ itics, in the 
two situations In the one, the normal heart, it becomes too small, in 
the other, the diseased heart, it deaelops a suitable size 
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LITERATURB 

The relation of the liver to the metabolism of carbohydrates has attracted 
the attention of investigators since Minkowski (1886) demonstrated a decrease 
in blood sugar and an increase of excretion of lactic add in the unne of hepa- 
tectomited geese. The (unction of the liver in the maintenance of the normal 
value for blood sugar is now fully established (Mann and Magath) and attention 
naturally turns to the intermediate products of metabolism of carbohydrate 
such as lactic aad Von Noorden and Embden (1906) first advanced the 
idea of a carbohydrate cyde between liver and musde and suggested that the 
lactic acid formed by muscular contraction was returned to the liver to be 
stored as glycogen This view has been fully conbrmed by recent mvesb- 
gators, notably by Himwich and his collaborators and by Con and Con 
It IS now recognued that in the normal resting orgamsm some lactic aad 
passes from the rausdes to the blood, and small amounts (7 to 18 mgm each 
hour) appear in the unne. Much larger amounts of this substance appear in 
both blood and unne after exerase the quantity is affected considerably by 
the degree of “oxygen debt" The liver undoubtedly removes a considerable 
part of this excess lactic aad from the arculation and stores it as glycogen 
It has been shown (Schnader and Widmann) that the liver is capable of 
retaimng considerable amounts of optically inactive lactic add injected into 
the portal van the concentration of lactic aad of the hepatic venous blood 
IS not increased, nor is its optical activity increased 

From the foregoing, it is evident that the functional effiaency of the 
hepatic parenchyma must have a considerable effect on the value for lactic 
aad in the blood, and on the rate with which the accuraulationa of this substance 
are removed following exerase As the recent experiments of Eggleton and 
Evans disdosed, the liver is not the only agent in removing lactic aad from 
the blood The heart and brain take up this substance readily and resting 
musdes absorb some of the lactic aad liberated by working musdes Con 
siderable amounts may also be lost in the perspiration 

Muscular exerase is, of course, the factor most Ukely to produce an increase 
in lactic aad of the blood in the individual case. Other factors also devate 
the value for lactic aad of the blood among these may be mentioned cardiac 
decompensation with circulatory failure (Meakins and Long), anemia, anox- 
emia, prolonged vomiting irradiation, ether narcosis (Ronioni and coworkers), 
and administration of vanous sugars (Campbdl and Maltby, Werzuchowski 

‘ Read before the American Soaety for Climcal InvesUgation, Atlantic 
City, New Jersey, May 2, 1932 

’ Fellow in Hematology, The Mayo Foundation 
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-’"fj l-'-tmcM) The prc'cncc of nranorm i*: aho «iid to incrci':e the 
rci'-rrnf'it O'’ of Hette and in the blood (lluttncr, \ alcntin, Schumacher, 
n and Tranl ‘^tnn) In general, the aaliic for lactic acid of the blood 
• hichlv \anal)lc, and all of the factors mentioned mu'^t be taken into con 
‘ drratim when one attempts to exaluate the indnidual test The general 
•^icnifcance of lactic acid in the orpanism, and the factors which influence its 
metabolism in health and disease, recently liaxc been considered in detail 
b\ liimwich, In Jcrxcll and b> Con and need not be considered in further 
de,ail here 

\ number of papers (1, 2, 3, 4, 6, 10, 14, 20, 21, 23, 28, 29, 33, 34, 35, 36) 
on the \aluc for lactic aad in the blood in cases of hepatic disease and in 
cxpcnmental hepatic injurx ha\c appeared in the last few jears Although 
there arc \ariations in the methods used and in the results obtained, most 
in\ estigators agree that in the more scxcre degrees of hepatic in]ur>, there is 
an increase in the lactic acid of the blood This increase may be slight and 
inconstant in association with minor degrees of hepatic injury', and is often 
small c\cn in sex ere eases It has also been shown that there is delay in the 
disappearance of lactic acid from the circulation following injection of lactates 
into patients with hepatic disease and in animals with eaperimental lesions 
of the lixer Ngain, widely x ary mg amounts of lactate hax’e been gixcn by 
X arious authors, and the results are not altogether in agreement The recent 
studies of Rollman and Mann, of the metabolism of lactic aad following 
hcpatcctomx performed on dogs, and similar studies by Drury’ and McMastcr 
on hcpatcctomizcd rabbits, constitute the principal reason for reopening the 
subject at the present time Bnefly, these workers have found that removal 
of the liver is followed by increase in the lactic aad content of the blood and 
unne The initial increase, which usually reaches a value about double the 
norm'll amount, is probably due chiefly to ether anesthesia, since the value 
for lactic acid of the blood falls during the penod of recovery A somewhat 
greater terminal increase is also noted in the majority of animals just before 
death Neither development of hypoglycemia nor injection of glucose appears 
to affect the value for lactic aad in the blood after hepatectomy (Bollman and 
Mann) Bollman and Mann showed that followang intrav'enous injection of 
lactic aad or sodium lactate into these liverlcss animals, the value for lactic 
aad of the blood increases sharply Only a small portion of this injected 
lactic aad (approvimatcly 20 per cent) is excreted in the urine, and the amount 
present in the blood returns to its previous level in a short period These 
changes in lactic aad of the blood noted after hepatectomy give a standard 
of comparison for the study’ of this subject in clinical cases of hepatic disease, 
and furnish some idea of what might be expected in clinical conditions of 
hepatic insufhacncv 

ilATERIAL AXD METHODS 

The present study consists of 250 determinations of lactic acid of the 
blood The subjects studied included normal persons under varying 
conditions of exercise and activity' and patients with hepatic disorders 
of vanous types, eighty in all In certain cases it was possible to make 
repeated determinations of lactic aad at vanous stages of hepatic disease, 
and thus to study any relationship that may exist between the clinical 
condition of the patient and the lactic acid content of the blood Deter- 
minations of lactic aad w ere also made before and after surgical operation 
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for relief of obstructive jaundice due to stone m the common bile duct, to 
carcmoma, and to stricture The values for lactic aad of the blood were 
also determmed in a small group of cases following intravenous injection 
of solubons of sodium lactate 

Lactic acid was determined by the method of Fnedemann and Ken- 
dall With persons under basal condibons, the normal value for lacbc 
and, as determined by this method, lies between 8 and IS mgm in each 
100 cc, of blood Even alight muscular exerbon increased this value con 
siderably, but in general it was found that twenty to thirty minutes in the 
prone posibon following moderate degrees of muscular acbvity, was 
sufficient to restore to normal the proporbon of lacbc acid in the blood 
It IS obvious, of course, that after more prolonged and vigorous acbvity, 
a longer penod is required before the basal level is reached The use of a 
tourmquet was avoided whenever possible, but m our experience the 
very bnef period of venous stasis required to obtain a sample of blood had 
httle, if any, effect on the result obtained This has also been the ex- 
penence of Hewlett, Barnett and Lewis Prolonged venous stasis may 
produce a considerable elervabon of the value for lacbc acid in the blood 
(Mendel and his coworkers), but it is rarely if ever necessary to causer 
prolonged venous stasis in obtaming spieamens of blood 

In general it was found that hepabc disease produced slight to 
moderate elevabons in the value for lacbc aad in the blood The greatest 
rises were noted among pabents who gave clinical evidence of severe 
intrahepabc types of jaundice, and among pabents with caranomatous 
obstrucbon of the biliary passages The data on a representabve group of 
these cases are presented graphically in Figure 1 The addibonal cases 
gave results in accord with these figures 

The findings are m accord with those of other observers, and no doubt 
the changes noted represent interference with normal recovery of lacbc 
aad by the liver The increases noted are fully as great as those observed 
in work with many animals after hepatectomy, this will be considered 
later It is of interest to note that the values for lacbc aad in the blood 
rarely exceed the renal threshold of 30 to 40 mgm for each 100 cc of 
blood as established by Hewlett, Barnett and Lewis Apparently renal 
elmunabon consbtutes a check on the accumulabon of lacbc aad in the 
blood, and further studies of urinary excrebon of this substance are bemg 
made in order to corroborate this hypothesis 

Loeb and his coworkers stated that there is no demonstrable relabon- 
ship between either the clinical condibon of the pabent or the degree of 
biUrubinemia and the observed values for lacbc aad/if the blood An 
attempt at correlabon between the values for serum bilirubin and those 
for lacbc aad is illustrated graphically in Figure 2 It is obvious that 
no dose correlabon exists, the actual correlabon coeffiaent is calculated 
as 0 1 However, these data appear to show that increases m serum 
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h hml' n pro rnnc ^icntK ^s^ocnted \Mth \'nlue‘= for lactic acid \\hich arc 
p1v)\( nn-rnal It i'^ c\idtnt that no \cr\ clo=c correlation can he c\- 
jvTt'xi .imrinc patient? with obstructive jaundice, since the value for 
hilinibin amonc thc^e patients maj fluctuate considcrablj from dav to 
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I'lr 1 The Content of Lactic Acid of Blood in Normal Persons and 
IN Patients with Vapiols Tapes of Hepatic Disease 

dav , and mav be affected bv manv factors not necessarily connected with 
the functional efbciencv of the hepatic cell In jaundice due pnmanly to 
hepatic parenchvmal injury , a closer correlation may exist In one case 
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Fig 2 The Relation of Serum Bilirubin and Lactic Aud in the Blood 
IN Jaundiced Patients 

of hepatitis due to arsphenamine, the -values for lactic aad and bilirubin 
during the stage of recovery paralleled each other closel> (Fig 3) In 
one case of infectious jaundice, similar correlation was noted 

It is recognized that in mechanical obstruction to the bile passages 
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I rr’"-' IiT-il condition'^ the ialuc«. for lactic acid of the blood, followinc: 

ir~ir ,1 n !i< f of bilnrv ob'ctruction,\ar> inaMa\ thatma\ l)c correlated, 
in cc, I nl with thc'C chant:es (Table 1) In fa\orable cases there is a 
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lempo'-arx n=e of lactic aad in the blood following operation, due prob- 
abK to the effect of ane«the«ia This is followed by a penod of decline 
until a re-ting normal Ie\el is established As soon as the patient is 
permitted to be up and about, howeaer, a rather constant rise in the 
\alue for lactic acid is noted This nse was obseraed in seaeral cases, 
a^d can Iw attributed to factors inaolanng muscular and arculatory' tffi- 
c f'ca ra,her than to the lia er In cases in a\ hich failure to recoaer follows 
rt' tfofb’han o!)-truction, the a alue for lactic and increases rather than 
dtcine; and maa reach high leads as the clinical condition of “hepatic 
ir- j’T c -'nca ' dea elops Data in a group of such cases are presented in 
T-^l’e ’ It " ill Ik- noted that acra high lea els for lactic acid and the 
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Fig 4 The Utiluation of Sooitiu r Lactate in Various Types of 
Hepatic Disease 

presented graphically m Figures 4 and 5 The value for lactic aad of the 
blood of one patient who had almost completely recovered from jaundice 
caused by arsphenamine promptly declined following administration of 
sodium lactate, and in general gave a normal result There was definite 
delay when compared with the normal figures given by Hfartmann and 
Senn in disappearance of lactic aad from the blood following the injec- 
tion, of one patient with metastatic carcinoma of the liver and one with 
splenic anemia and portal arrhosis Neither of these patients was 
jaundiced, but retention of bromsulphalein was graded 2 and 3, respec- 
tively A third patient who was recovenng from the effects of toxic 
hepatitis due to cinchophen, also retained injected sodium lactate to 
some degree The degree of retention of lactic aad in each case corres- 
ponded closely with the chnical conception of the degree of hepatic injury 
present in the case, and in some instances also corresponded with the 
results either of the galactose or bromsulphalein tests for hepatic func- 
tion (Table 3) Judging from the value for blood sugar in these cases, it 
18 apparent that the lactic aad mjected was either stored as glycogen in 
the liver or was utilized m some other fashion As has previously been 
stated, similar disappearance of injected sodium lactate has been noted 
in work with hepatectomized ammals 
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Compansm of ultlttalion of sodium lactate mih results of iromsulphaleln and falnctose 
tests of hepatic function 
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* 10 grams of sodium r lactate 

1 2 25 cc. of molar sodium r lactate for each kgm body weight 
t Indirect 

I Indirect, less than 1 0 

COMMENT 

The increased values for lactic aad of the blood ) hich v c ha /e (A> 
tamed among patients with t-anous tj-pes of hepatic disease art in E<*n"ral 
corroboraPte of those given by previous investigators of th'‘Eub;ecL 
The average increases noted were somewhat greater than those pri^j w-1 / 
reported, a fact which may be explained on the basis of diff'-renoes n 
available clmical material and m the methods used to df-termint lactic 

aad In general, our figures agree doselj -ith those recently rT>o-hedJ>y 

Diaz and Cuenca, and b> ’Massobno and MicnailoT 

We were able satsfactoTly to exdcde the eSects of e 3 t*rciv, veno'jr 
stasis, arculatcrv cr respuattry disorders, and anemia in the cate* wl<w 
coDSideraPon The most srgmScant ircreases were found 
paBentswithmtranepat:c,ac3d-ce,andamongtcoM: -duhidoad rlitrj 
obstruction p^o’cnged suSceutJ- so treat tne hepatic parenth- nr« rad 
been greatly myrred- In car^omatons hXar; ol/stmctioc, 
levels oh'en'td mar £» psmrallr dtre to toe p-eseace of rretpeantic - 
In no instance, bemew^ tHd the --altie ^o- lachc amd ■cd' hbe Oioo^ maPec, 
lallyexciKdtee'errtlthrssro’d'r hOto-Wmgm, The mar 'srStcr'ts-.ei 
appfcn=2=^ &ose seen hr stmdses c/ tne emperhne'ira' sn.'-sC 
after hepat*«=r. ^ pmaents m muecticc dbif^jts^ sr 

amplereserv-ecdfmicdcmnghspardcns:^ Inothercaser ■i*?: 

injury has bes= to be aso-soet who stmea: vaiu- ac3m 
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ji , -r-'ctrrt t- '’ltonntf<hn \^o'l u it!t tht IiOinti c(o:n^7t(i 
1 'in'nnl'- '''» c'lp-’l'V of imintTinint: a fairK norm il 

\ it I' fo' hr. r -T d for o'.>-f p'-notJ'? under cnrufitinn'; hut tri\nl 

^ mtitcuhr artn K\ anrl \ anou=: t \trantoii=t factor'^ v lucli v otild 
: o* ir f-rt a noTual anirml rm% cau-n; an incrca<^e In other word'- tlu 
TiU -"1 of (actic '■cid, although not cntirtK di'^rupicd retukrcd 
ror^- d' r">bl\ le^c ctal)lc after remo\al of the li\cr The ’=amc i*? prohal)l\ 
tTu' in tile mo'o =t\ere doc;rct‘^ of injun to the liepatic cell, under ideal 
cf) 'dition'^ the normal \ alue for lactic acid of the blood is maintained, but 
It I*- ct'-iK di^turlK-d In an\ of the large number of factors knonn to 
afTtct u 

The truth of this statement is apparent uhen one considers the 
\ ariabk findings in clinical cases of hepatic insufficicncN Data concern- 
ing tilt blood lactic acid in such cases, nhich ha%e been considered in a 
P'tMOtis paragraph illustrate hou a mechanism rendered unstable bv 
iitpatic injura can be affected b> extraneous factors n Inch maj ormaj not 
ha\e to do v ith hepatic function 

The \anations in lactic acid of the blood nhich follow injection of 
raccmic =odium lactate or lactic acid are worth\ of bnef mention In 
hepatic di'ca'^e, as in the hepatcctomized animal, administration of lactic 
acid, or of lactate solutions, is apparently followed by utilization of a con- 
siderable amount of the injected material The prompt disappearance of 
the excess of lactic acid from the blood under these conditions is of interest 
in \icw of the suggestion that lactic acid and lactates ma> be of thera- 
peutic \aluc in some tapes of hepatic disease Morawitz has gi\en 
l.actic acid in doses of 10 grams, in cases of hepatic coma due to portal 
cirrhosis, and on at least one occasion the patient made a rather remark- 
able temporara recoaera We haae had a similar experience with one 
patient a\ho lapsed into hepatic coma follov ing splencctomj for splenic 
anemia Efforts to reaiao this patient by intraacnous injections of 
"solutions of glucose aaere unaa ailing Lactic acid, 10 grams, in 2 per cent 
‘solution, V as thereupon gia en daiK for three da> s The patient promptlj 
re-coacred consciousness and remained in good condition for a fev days, 
until death occurred as a result of hemorrhage from esophageal aanccs 
In three other ca^^ of marked hepatitis and jaundice, rapid improaement 
follov ed daila intraaenous administration of this dose of lactic acid or 
of ‘wlium lactate All of these patients had been jaundiced for a con- 
= dcrab’e period of time, and appeared to be losing ground at the time the 
u‘:e of lactic acid was begun The treatment, of course, is based on 
purela empirical grounds, but it seems aaortha of further study in cases 
of this ta pe 

SLautaRt 

S 'ght to moderate increa'Kis in lactic acid of the blood are note-d in 
he or tic di-eas^, particularla significant change's are noted in the more 
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severe grades of intrahepatic jaundice and in caranomatous obstruction 
to the biliary passages These increases are comparable to those observed 
after expenmental hepatectomy, but in general they do not exceed the 
renal threshold for lactic aad of 30 to 40 mgm for each 100 cc of blood 
Much greater elevations of values for lactic aad of the blood are found 
m some cases of clinical hepatic insuffiaency, but in these cases factors 
other than the functional capacity of the liver are responsible for the 
mcreases noted Disappearance of injected sodium lactate from the 
blood of patients with hepatic disease is delayed m comparison to the rate 
of disappearance seen in work with normal persons The results may be 
correlated roughly with those of bromsulphalan or galactose tests of 
hepatic function As compared with the findmgs m studies upon normal 
persons, the regulation of blood lactic aad of hepatectomized ammals, 
and of patients with disease of the liver, is considerably less stable, but is 
not completely disorganized 
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DIETARY PROTEIN IN HEMORRHAGIC BRIGHT’S DISEASE 

I Effbcts oton thb Course of the Disease with Speciai. 

Reference to Hematoria and Renal Function* 

Bv E. H KEUTMANN aot WM. S McCANN 
{From the Department of Medicine^ Untverstty of Rochester, School of Medtane, and the 
JSedKOl Cltntc of the Strong MemoruU Bospttal, Rochester, New Vorh) 

(Recoved for publlcatioo May 19, 1932) 

The question of the possibility of injury to the kidneys by the pro- 
teins of the diet has received the attention of a number of mvestigators 
Recently Newburgh and coworkera have published some observations 
which throw new hght on the problem. In 1919 Newburgh (14) reported 
a senes of expenments in which renal injury was observed in rabbits to 
which high protein diets were given In 1928 a further report (15) was 
made of expenments m which white rats were given 75 per cent of their 
diet in the form of proteins, either as hver, or cia beef muscle, or as casern 
Renal injury was noted m all groups after varymg lengths of time In 
the group receivmg hver, the kidneys at autopsy were enlarged, granular 
and characterized by both glomerular and tubular lesions and fibrosis 
These changes were well marked at the end of “less than a year” of the 
liver diet In the case of casern the renal injury was least marked, being 
confined to the tubules, and required the longest time for its production, 
while the lesions occurring m the group receiving beef muscle were 
mtermediate between the two extremes both m degree and m the rapidity 
of their production In a more recent report Newburgh (16) expressed 
the belief that the difference m results obtamed m previous work was 
due to the nephrotoxic effects of products of nuclear material and not to 
the proteins per se, since feedmg of sodium nucleate produced hematuria 
He was able to produce kidney mjury with less than 75 per cent of liver 
m 80 per cent of the animals 

Other workers have reported the production of renal lesions m ammals 
by the feedmg of high protem diets These include Osborne, Mendel, 
Park and Wmtermtz (17), and Polvogt, McCollum and Simmonds (18) 
On the other hand Drummond, Crowden, and Hill (S), Jackson and 
Riggs (7), and Addis, MacKay and MacKay (3) failed to find renal mjury 
m similar expenments MacLean, Smith and Urquhart (12) were able 
to produce renal injury m rabbits by means of high protem diets only 
when green leaves and vegetables were omitted from the diet 

1 Work done under a grant from the Fluid Research Fund of the Rockefeller 
Foundation 
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75 and of ISO grams of protein Unnary sediment counts were made at 
least twice a week, more frequently when the unne was of high specific 
gravity and proper acidity Counts were not done when the unne 
specimens were not sufficiently acid and of low density Urea clearance 
tests were done according to the method of Mdller, McIntosh, and Van 
Slyke (13), between the hours of 7 and 10 A. M , before the patient had 
risen and while he was still fasting Urea determinations were made by 
the gasometnc method of Van Slyke (21) TTie unnary protein was es- 
timated daily by the method of Kingsbury, Clark, Williams and Post (9) 
The total nitrogen of the unne and stools was determined by the usual 
Kjeldahl procedure The stools corresponding to each penod were 
separated by means of carmme Chemical analyses were done on blood 
specimens obtained before breakfast according to the following methods 
non-protem mtrogen, Folin and Wu (6) , serum proteins, Wu and Ling 
( 22 ) 

Patients were weighed daily, before breakfast. Unne and stool 
specimens were stored in a refngerator as soon as they were obtained 

CASE REPORTS 

Casel J B , number 40617, a boy of 15 years was admitted November S, 
1930 Three weeks before this date a tooth was extracted because of an 
abscess Three days later he had a "sore throat’ accompanied by muco 
purulent nasal discharge One week before admission he began to have 
general malaise, headache, vertigo, nausea, vomiting, pain in the lumbar 
regions, edema of the face and legs oliguna and hematuria No previous 
attack of this nature had been observed For five or more years he had 
suffered from repeated attacks of upper respiratory infection characterized 
by mucopurulent nasal discharge, chrome cough productive of mucopurulent 
sputum in the mormng only and occasional attacks of sore throat. There 
was no history of scarlet fever 

On examination the temperature, pulse and respirations were found to be 
normal The skin was pale, but the mucous membranes were of good color 
There was slight, but defimte, edema of the face and lower extremities The 
eye grounds were normal The nasal septum was deviated to the left and 
there was slight, not very defimte tenderness over the antra The tonsils 
were enlarged with exudate in the crypts The posterior chain of cervical 
lymph nodes was palpably enlarged The exaimnabon of the lungs was 
essentially negative On percussion the left border of cardiac dullness was 
found to be 10 cm from the midsternum The systolic blood pressure was 
170 mm Hg, diastohc 90 rora Hg The hver edge was felt ]U8t below the 
costal margin 

Laboratory findm^s The unne was grossly bloody It contained a 
considerable amount of albumin, and many hyaline, granular, and cellular 
casts The blood count was as follows hemoglobin 75 per cent (11 25 grams 
per 100 cc.), red corpuscles 4 100 000, leucocytes 15,800 Chemical analysis 
of blood gave the following results nonprotein mtrogen, 45 mgm per 100 cc. 
serum albumin, 4 28 grams per 100 cc , serum globuUn, 1 84 grams per 100 cc. 
The phenolsulfonphthalein excretion was 20 per cent in 2 hours The Wasser 
mann and Kahn reactions of the blood were negative A blood culture 
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non protem mtrogen, Folin and Wu (6) , serum proteins, Wu and Lmg 
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1930 Three weeks before this date a tooth was extracted because of an 
abscess Three days later he had a “sore throat ' accompanied by muco 
purulent nasal discharge One week before admission he began to have 
general malaise, headache, vertigo, nausea, vomiting, pain in the lumbar 
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attack of this nature had been observed For five or more years he had 
suffered from repeated attacks of upper respiratory infection charactenied 
by mucopurulent nasal discharge, chronic cough productive of mucopurulent 
sputum in the mormng only and occasional attacks of sore throat. There 
was no history of scarlet fever 

On examination the temperature, pulse and respirations were found to be 
normal The skin was pale, but the mucous membranes were of good color 
There was slight, but defimte, edema of the face and lower extremities The 
eye grounds were normal The nasal septum was deviated to the left and 
there was slight, not very defimte tenderness over the antra The tonsils 
were enlarged with exudate in the crypts The postenor chain of cervical 
lymph nodes was palpably enlarged The examination of the lungs was 
essentially negative On percussion the left border of cardiac dullness was 
found to be 10 cm from the rmdsternum The systolic blood pressure was 
170 mm Hg, diastolic 90 mm Hg The liver edge was felt just below the 
costal margin 

LahoraUny findings The unne was grossly bloody It contained a 
considerable amount of albumin, and many hyaline granular, and cellular 
casts The blood count was as follows hemoglobin 75 per cent (11 25 grams 
per 100 cc.), red corpuscles 4,100 000, leucocytes IS 800 Chemical analysis 
of blood gave the following results nonprotein nitrogen, 45 mgm per 100 cc. 
serum albumin, 4 28 grams per 100 cc serum globuUn, 1 84 grams per 100 cc. 
The phenolsulfonphthalein excretion was 20 per cent in 2 hours The Wasser- 
mann and Kahn reactions of the blood were negative. A blood culture 
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Fig 2 Case 1 J B Data Collatebal to Fig 1 
C, IS the "standard,” C« the "maximum clearance of blood urea. 


The serum proteins fluctuated somewhat without any direct relation 
to the protein intake The serum albumin remained within nearly nor- 
mal limits The serum globulm was slightly low throughout 

The hemoglobin rose from 70 to 90 per cent dunng the observation 
The urinary sediment counts revealed a steadily decreasmg hematuria 
in spite of the mcrease in dietary protem There was a transient increase 
in period IV probably due to a slight cold which de\ eloped at that tune. 
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Fig 2 Case 1 J B Data Collateral to Fig 1 
C, vs the “standard,” the “maximura” clearance of blood urea 


The serum proteins fluctuated somewhat without any direct relation 
o the protein intake The serum albumin remained within nearly nor- 
nal limits The serum globulin was slightly low throughout. 

The hemoglobin rose from 70 to 90 per cent during the observation 
The urinary sediment counts revealed a steadily decreasing hematiina 
n spite of the increase in dietary protein There was a transient increase 
n penod IV probably due to a slight cold which developed at that time 
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Fig 2 Case 1 J B Data Collateral to Fig 1 
C, IS the "standard,” C„ the "maximum ' clearance of blood urea 

The serum protems fluctuated somewhat without any direct relation 
to the protein intake. The serum albumin remained within nearly nor- 
mal limits The serum globulin was slightly low throughout 

The hemoglobin rose from 70 to 90 per cent durmg the observation 
The linnary sediment counts revealed a steadily decreasing hematuria 
in spite of the increase in dietary protein There was a transient increase 
m period IV probably due to a slight cold which developed at that time. 
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malaise and fever Ten days before admission there appeared generalized 
edema, headache, vomiting and epistaxis 

On examination temperature, pulse, and respirations were normal There 
was edema of the face, over the sacrum and lower cxtremitieB The cervical 
lymph nodes were enlarged and tender The eye grounds were normal 
There was some discharge in the right nostril but no sign of sinusitis was 
discovered cither by x ray, transillumination or puncture of the antrum 
The cars were normal The tonsils were not large but showed evidence of 
chronic infection The examination of the heart and lungs revealed no 
abnormalities The systolic blood pressure was 160 mm Hg, diastolic 100 
mm Hg 

Laboratory findings Hemoglobin 76 per cent (114 grams per 100 cc.), 
red corpuscles 4 630,000, leucocytes 10,400 The Wassermann and Kahn 
reactions of the blood were negative The unne showed marked albuminuna, 
and the sediment contained many red corpuscles, hyaline, granular and 
cellular casts 

The nonprotein nitrogen of the blood was 75 mgm per 100 cc 
Roentgen examination of the chest rc\ ealed slight enlargement of the heart 
Six days after admission the patient developed bilateral otalgia and the 
temperature rose to 38 5° C Large blebs appeared on both drums Bilateral 
myringotomy was done with the escape of serosanguineous fluid The ears 
continued to discharge for some time Hematuria persisted, and at times the 
unne was visibly blood tinged There was a progressive anemia until on 
December 26, 1930 the hemoglobin was 60 per cent (9 0 grams per 100 cc ), 
red blood cells 2,800,000, leucocytes 16,000 The ears gradually improved, 
but hematuna continued, and the blood hemoglobin decreased further to 
45 per cent (6 75 grams per 100 cc ), on January 26, 1931 On February 3rd 
he was given a transfusion On February 12th a tonsillectomy was performed 
Thereafter climcal improvement was rapid and hematuna decreased 

Upon entrance the patient was given a salt poor diet containing 35 to 40 
grama of protein daily Edema decreased rapidly dunng the first few days 
and thereafter slowly A month later demonstrable edema had entirely 
disappeared and did not reappear thereafter 

On January 29th, fifty days after admission, the protein of the diet was 
increased to approximately 50 grams Beginning February 28th he was kept 
on a weighed diet containing varying amounts of protein as indicated in 
Table 4 On March 8th he was transferred to the metabohsm division and 
remained there until discharge He was in bed until May Sth after which 
he was allowed up for gradually increasing periods On May 25th he was 
discharged home on a diet containing about 75 grama of protein We believe 
that he received approximately this amount daily During this interval he 
visited the hospital weekly for observmtions On June 2l8t he was re admitted 
to the metabolism division and immediately given a diet containing 150 grams 
of protein for a period of 12 days He was discharged on July 2nd and has 
been under observation in the Out Patient Department since that time. 

As in Case 1 the fluid intake had to be quite small on some days in order 
that Addis sediment counts might be done The average daily total calculated 
water intake while the patient was on 40 to 75 grams of protein was from 
2700 cc. to 2900 cc. During the first week on ISO grams of protein it was 
about 3400 cc. daily, thereafter, because of increase in atmospheric temperature 
it was raised to 4000 cc daily 

Laboratory observations on this patient are summarized in Table 3 and 
Figures 3 and 4 
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Comment The observations made on Case 2 extend over a period of 
6 months and 22 days These are summarized in Table 3 Diinng a 
fore-penod of 77 days the protein of the diet was about 35 to SO grama 
During 12 weekly periods he was observed in the metabolism ward, where 
the protem intake was vaned from 40 to ISO grams per diem 
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In penod IV the patient came into nitrogen balance during the second 
week on 40 grams of protein All periods in which 75 or 150 grams were 
given showed a positive nitrogen balance The total caloric intake in all 
penods varied from 3000 to 3800 calories per diem, the increase being 
necessary to satisfy the patient’s hunger Carbohydrate and fat were 
given in nearly equal amounts The percentage of total calories derived 
from protein varied from 5 to 18 per cent Considerable amounts of this 
protein were denved from beef muscle, but relatively more came from 
egg and milk than in Case 1 See Table 4 

Dunng penods IX and X beef muscle was replaced by liver 

The total nonprotein nitrogen of the blood rose slightly above normal 
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TABLE 4 


Anatysu of sources of protein sn diet of Case P V 


Period 

Ca 

Iwie* 

Sfy 

Carbo- 

kr 

drmte 

F«t 

Total protein 

MtJtdc 

dally 

Urcr 

daUr 

rUUy 

Mint 

d^y 

Vefc- 

taWe 

daily 

DaDy 

Percent 
of total 
cnlorka 





frdmr 


front 


fWit 

front 

front 

front 

pront 

1 9 dal's 

30QQ 



75 


25 S 


10 4 

143 

24 6 

II 7 dal’s 

3017 

184 

210 

75 


23 7 


181 

15 6 

176 

III, 7 dai-s 

3180 

E&I 

234 

40 


95 


10 8 

57 

14 0 

IV 7 days 

3238 


241 

40 


9J 


10 8 

59 

ISO 

V, 7 days 

3143 

179 

226 

75 

98 

20 4 


18 0 

15 7 

20 9 

VI, 7 days 

3213 

179 

234 

75 

96 

203 


15 6 

173 

216 

VII 7 days 

3850 

229 

247 

150 

16 0 

602 


24 1 

37 8 

27 9 

VIII, 7 days 

3788 

224 

242 

150 

16 2 

BOlll 


258 

36 7 

273 

IX, 7 days 

3457 

210 

213 

150 

17 8 

10 0 

573 

293 

26 9 

263 

X, 7 days 


2U 

218 

150 

t7,S 

16 6 

57 0 

27 6 

232 

25 6 

XI, 7 days 

3743 

218 

240 

150 

164 

600 


260 

37 2 

26 8 

XII, 7 days 

3688 

204 

243 

40 

4,5 

94 


10 8 

6 1 

13 7 

XIII 5 days 

3780 

219 

243 

152 

16 5 

563 


28 4 

37 2 

27 9 

XIV, 5 days 

3837 

230 

24S 

JSO 

160 

58 5 


25 2 

39 4 

269 


in penods VIII to XI, but decreased when more fluids were given The 
fluctuations in blood urea folloived roughly the fluctuations in protein 
intake 

The serum proteins changed but little Dunng the fore-penod serum 
albumm was below normal As the edema cleared it rose to about 4 5 
per cent and remained at that level independently of the level of protein 
ingestion The globulin remained rather constantly at a slightly low level 
throughout 

The hemoglobin which had fallen to 57 per cent at the beginning of 
penod I, rose to about 80 per cent during the next four months of liberal 
protein intake 

The urinary sediment counts revealed a marked decrease in hematuna 
dunng the fore-penod From penod I on this tendency to decrease was 
slower but steady and no essential difference was found between penods 
m which 40 grams of protein ivere given and those m which 150 grams 
were taken 

The unnary protein showed some tendency in this case to increase or 
decrease as the dietary protein increased or decreased 

The lu^ clearance tests showed a steady tendency to increase In 
this case as in the preceding one the standard clearance values were higher 
in the high protein penods From beginning to end the urea clearance 
was more than doubled 

After the fore-penod the blood pressure remained entirely withm 
normal limits throughout and showed no tendency to vary in relation 
to the level of protein intake 

65 






















986 


DIETARY PROTEIN IN BRIGHT’ S DISEASE 


Weight was lost dunng the fore-penod when edema disappeared 
During the subsequent periods there was a steady gam in weight due to 
the deposition of protein and fat 

In summary of Case 2 it may be said that no deleterious effects upon 
the kidneys were observed during periods of liberal protein intake at levels 
of 75 to 150 grams per diem All measurable factors such as hematuria 
and renal function showed improvement The slight increases in protein- 
uria may be disregarded in view of the great improvement in other factors 

Case S R W , number 54426 A 25 year old truck driver was admitted 
on November 26th, 1931 Previous to the present illness he had always been 
in good health except for recurrent sore throats There was no history of 
scarlet fever or acute rheumatic fever Two weeks before admission he had 
a severe sore throat which lasted several days Four days before admission 
he developed edema of the face and extremities, oliguria, nausea, vomiting, 
and weakness Twelve hours before admission he became stuporous and 
remained so until being brought to the hospital Physical examination 
showed a well developed, semi-comatosc man The temperature was 37 9° C , 
pulse rate 76, respirations were of the Cheyne-Stokcs type There was edema 
of the face, extremities, and sacrum The ocular fundi were thought to show 
slight edema of the discs but the vessels were considered to be normal The 
heart was slightly enlarged to the left There was a loud systolic murmur at 
the apex The blood pressure was 185 systolic and 100 diastolic The neck 
was stiff and there was a positive Kernig sign, otherwise neurological examina- 
tion was negative 

Laboratory findings The unne was grossly blood tinged Blood hemo- 
globin was 80 per cent (12 grams per 100 cc ), red blood cells 4,100,000, leuco- 
cytes 20,000 The nonprotein nitrogen of the blood w’as 60 mgm per 100 cc 
The Wassermann reaction was negative in blood and spinal fluid Cultures of 
blood and spinal fluid yielded no growth 

Course in hospital During the first few days the patient receu ed glucose 
solution intravenously and subcutaneously At first the edema remained 
stationary and then began to decrease slowly A lumbar puncture on No\ em- 
ber 29th showed an initial pressure of 420 mm of water The spinal fluid 
contained 14,000 erythrocytes per cu mm On a second lumbar puncture on 
the followung day initial pressure was 300 mm of water The spinal fluid 
was xanthochromic and contained 1,000 erythrocytes per cu mm During 
the first days of December the stupor cleared gradually, and the blood pressure 
fell to normal by December 9th A motor aphasia and weakness of the 
upper part of face, arm and leg on the right were obserx'ed Tendon reflexes 
were increased on the right There were no sensorj' changes There was 
incontinence of unne and feces Dunng the middle of December he improi cd 
slowly The edema disappeared and did not return By December 24th the 
hemiparesis had cleared entirely and there w'cre no peripheral neurological 
signs From that time on improvement was rapid Slight dysarthria per- 
sisted until discharge 

Further findings dunng the period of improvement w'ere as follows On 
December 28th roentgenographs of the chest revealed no abnormalities of 
heart or lungs except that the aortic knuckle was rather prominent considering 
the age of the patient Examinations of sinuses and teeth w’ere negatue 
The phenolsulfonphthalein excretion was 45 per cent in two hours on December 
24th 
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DIETARY PROTEIN IN BRIGHT’S DISEASE 


day gross hematuria appeared and albuminuria increased markedly Blood 
hemoglobin was 92 per cent, red blood cells 5,100,000, leucocytes 14,400 
Blood nonprotein nitrogen was 30 mgm per 100 cc The Wassermann reaction 
was negative Stereoroentgenographs of sinuses showed no evidence of 
infection Roentgenographs of teeth revealed evidence of an abscess at the 
base of the lower left second bicuspid 

The patient was given a salt poor diet containing 60 grams of protein 
Hematuria decreased very slowly at first On October 21st the bicuspid 
tooth was extracted An abscess was found at its apex and streptococcus 
virtdans, streptococcus heniolyhcus, and micrococcus crassus were discovered by 
culture of the apical granuloma 

During the following month (November) hematuna, as indicated by 
Addis sediment counts, decreased The protein of the diet vas increased to 
80 grams and he was discharged on December 12th, 1929 He was in Texas 
from January until July 1930, at which time he returned to Rochester He 
has been followed closely and sediment counts and urea clearance tests ha\ e 
been done periodically Both of these tests indicate impro\cment The 
routine unne examinations for more than a year past ha\e been negative, 
but the sediment counts show that red cells are still present in numbers slightly 
greater than normal 

On December 1, 1929, after he had been on a protein intake of 80 grams 
daily, he was given a large beefsteak at the noon meal, making his total protein 
intake for the day 160 grams Urinary sediment counts on the morning 
before the large protein meal and the morning after showed no cNidence of 
an increase in hematuria 

Beginning November 9, 1930 he was under obBcr\ation while on a waghed 
diet The protein content of the diet and the laboratory findings for this 
period are summarized in Figure 6 

During a 10 day penod in w’hich the protein intake was increased to 200 
grams per diem the number of red corpuscles in the urinary sediment fluctuated 
within limits which were no greater than during preceding periods in which 
the protein intake had been maintained at the lower lc%cl of 60 to 90 grams 
per diem 

The urea nitrogen of the blood rose during the periods of higher protein 
intake This is partly due to the fact that water ingestion was limited on the 
days preceding the urinary sediment counts 

The blood urea clearance during the period of higli protein remained at 
the high level which existed in the preceding periods In the subsequent 
periods when protein ingestion had been reduced to 60-90 grams per diem, 
lower values for urea clearance were obtained 

SUMIklARY 

The four subjects of these experiments were all suffering from hemor- 
rhagic Bnght’s disease It is believed that this represented a diffuse 
glomerulonephritis m each case, since all exhibited a latent period between 
the onset of infection and the onset of nephritis, all exhibited impairment 
of function at some stage, and all had edema 

The dietary experiments were carried out in the early chronic active 
stages of Cases 1,2, and 3, and m the latent stage of Case 4 

In cases such as these the two most important objective criteria w'hich 




Fig 6 Case 4 E B Chronic Hemorrhagic Nephritis in Latent 
Stage at Time of Experiment November 1930 


may be applied to the observation of the course of the disease are the 
erythrocyte coimts in the urinary sediment and the estimation of renal 
function by the blood urea clearance tests The observations of Addis 
and of Van Slyke have shown that hematuria is the best index of the in- 
tensity of the process of disease in the glomeruli, and that the blood urea 
clearance is the best mdex of the degree of impairment of renal function 
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The possession of a means of evaluating both the intensity and quantity 
factors in glomerulonephritis makes it possible to study experimentally 
the factors which modify the course of the disease favorably or adversely 
Hematuria In the cases which have been presented there is evidence 
that increasing the protein of the diet from the low level of 40 grams 
to levels of 75, 150, or even 200 grams, resulted in no significant increases 
in hematuria Transient increases in hematuria occurring while the 
more liberal protein diets were given can be explained in each case by 
temporary exacerbations of chronic infections In tivo of the patients 
the higher levels were maintained for 5 to 6 weeks at a time, a penod long 
enough to permit deletenous effects to become obvious It is also clear 
that the substitution of liver for beef muscle in equivalent amounts for 
periods as long as tivo weeks did not increase hematuria 

Renal function, as measured by urea clearance, was usually higher 
dunng the penods in which more liberal protein intake was given This 
may represent the continuance of improvement during the period of the 
liberal protein ration, and possibly the stimulation of increased functional 
activity in response to increased demand In any case there is no 
evidence of a decrease in functional capacity resulting from a liberal pro- 
tein allowance 

Azotemia was sometimes slightly increased during the periods of 
higher protein intake This is due to the fact that ivater ingestion was 
maintained at too low a level in order to make possible accurate urinary 
sediment counts Toxic symptoms from this cause were never apparent 
The urinary protein increased during the higher protein periods in 
Cases 1 and 2 but not in Cases 3 and 4 The increases were not large, nor 
were they associated with any other signs of deletenous action 

Visible edema was absent during the experimental obser\'ations on 
higher protein diets It was present in the fore-periods or in previous 
observations in all cases The fluctuations in serum proteins were not 
large, and in no case could they be directly related to the level of protein 
intake In Cases 1, 2 and 3 the serum albumin increased as the edema 
decreased during the fore-periods while moderately low protein diets 
were being given 

Blood pressure was not increased during the higher protein periods as 
contrasted with the lower Hypertension was not great in any case, and 
when it occurred was a transient initial phenomenon of the acute attack 
In every Ccise in which anemia was present improvement in the blood 
counts occurred 

These expenments are not comparable to those which Newburgh ear- 
ned out on animals, either m point of duration or as regards the percent- 
age of the total diet consisting of protein It is not possible to keep 
human subjects on diets furnishing as great a portion of the energy from 
protein as Newburgh employed In our expenments the maximum level 
was 25 per cent of the total energy of the diet 
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The diets vath which we have e\pcnmentcd contained more than the 
usual amount of protein taken spontaneously by the average American 
The protein content is greatly in excess of the amount commonly pre- 
scribed by physicians in cases of nephritis It was principally derived 
from animal sources (Tables 2 and 4) 

CONCXUSIONS 

Four patients with chrome hemorrhagic Bright's disease were observed 
dunng periods at different levels of protein intake, ranging from about 
40 to 200 grams per diem No deleterious effects upon the course of the 
disease w ere observed during periods of liberal protein intake 

(1) Hematuna, as a measure of intensity of glomerular injury, w as not 
increased 

(2) Functional capacity, as measured by blood urea clearance, con- 
tinued to increase 

(3) Slight increases in proteinuna which occurred in t\vo cases dunng 
the higher protein diets are believed to be without deletenous significance 

(4) Slight increases in azotemia occurred, which were accentuated by 
the restnction of water intake necessary m making sediment counts 

(5) Serum proteins fluctuated independently of the level of protein 
intake and of nitrogen balance 

(6) Blood pressure was not increased by the more liberal protein 
allowance 

(7) General clinical improvement occurred in all cases Weight m 
creased (not due to edema), anemia improved, and patients returned to 
their normal state of strength and vitality 
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STUDIES OF DIABETES MELLITUS 

Evidence That the Disabiutv is Concerned Solely with the 
Metabolism of Glucose The Mode of Action of Insuun 

Bv L H NEWBURGH and DOROTHY S WALLER 
(From the Department of Internal Medtctne VmoersUy of iltchi^an, Ann Arbor) 

(RcceiittI for publicaUon May 23, 1932) 

During the past several j'ears a number of writers in this country and 
abroad have maintained that liberal additions of carbohydrate to the 
diabetic diet, usually accompanied by significant reduction m the fat, 
do not cause glycosuria, nor require an increase in the amount of insulin 
They attnbute this beneficial outcome to a vanety of factors — (1) the 
depressing effect of fat upon the utilization of glucose, (2) the stimulation 
of carbohydrate metabolism by ingested carbohydrate, (3) augmentation 
of the combustion of glucose brought about by under nutrition , (4) and 
It is even suggested that the improvement is to be attributed to the in- 
creased activity of some hitherto unrecognized pnnciple of nutrition 
brought to light by the high carbohydrate, low fat diet 

It IS, for example, stated by Gray and Sansum (1), “That whether 
the beneficial clinical results which have been obtained by using these 
diets (carbohydrate-rich, fat-poor) are due to the increase in the carbo- 
hydrates or the decrease m the fats, is still debatable ” Rabinomtch 
(2) wnrites, "Expenences with it (the high carbohydrate, low calory diet) 
are inconsistent with our present concept of the metabolism of diabetes " 
Barach (3) maintains that he has “repeatedly seen an increase in dietary 
fat followed by glycosuna ” Later he (4) writes, "There is evidence that 
insulin applies to the total metabolism, or that one gram of fat creates the 
need for as much insulin as two grams of carbohydrate ” Adlersberg and 
Forges (S) go so far as to postulate the secretion of insulin as the response 
of a complex reflex following stimulation of the buccal mucosa by contact 
with carbohydrate foods 

We believe that this bewildenng divergence of opinion and experience 
has arisen because these investigators have failed to keep two totally 
unrelated processes apart They have not taken pains to distmugish 
sharply between the tolerance of the individual for carbohydrate and the 
pharmacology of insulin And yet the former deals solely with a specific 
attnbute of a single person, while the latter is concerned with the be- 
havior of a glandular extract when brought into contact with glucose 
In order to clanfy the situation, we have accordingly first centered 
our attention upon the ability of the diabetic to metabolize carbohydrate 
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when he receives a high carbohydrate, low fat, low calory diet, and when 
he receives a low carbohydrate, high fat, high calory diet 

Tables 1 to 4, indicate the type of data we have secured Table 1 
shows that a middle aged, mild diabetic could dispose of 181 grams avail- 
able glucose, but not 191 grams when she received a high fat, super- 
maintenance diet The removal of 100 grams of fat from this diet did not 
increase her ability to metabolize glucose, since now glycosuria appeared 
when the available glucose was only 184 grams 

TABLE 1 

Companson of tolerance on low and on high fat diets 
Hauvcr Mild diabetes 


Date 

Protein 

Fat 

Carbo- 

lijdrate 

Calorics 

1 

A\~illat)lc 

rIucosc 

Insulin 1 
units 

Urine 

BUgar 

January 1 

■HHl 

t:rams 

190 

m 

m 

rrflmi 

181 

0 


January 2 


190 

111 


191 

0 

— 

January 3 

55 

190 

140 

2490 

191 

0 

— 

January 4 

55 

190 

140 

2490 

191 

0 

2 grams 

January 7 

55 

190 

140 

2490 

191 

0 

2 grams 

January 9 


90 

no 

1490 

151 

0 


January 13 


90 

125 

1542 

167 

0 

— 

January 14 

61 

91 

140 

1618 

184 

0 

— 

January IS 

61 

91 

140 

1618 

184 

0 

+ 

January 16 

61 

91 

140 

1618 

184 

0 

2 grams 


TABLE 2 

Comparison of tolerance on low and on high fat diets 
Sloldt Mild diabetes 


Date 

Protein 

Pat ^ 

Cnrbo 

1 III (Irate 

Calorie* ' 

A\’nllab!c 

K)u(»se 

Insulin 

units 

Urine 

aufrar 

February 23 

firamj 

, 49 

Srams 

51 

ETomj 

80 

975 

srams 

113 

0 


February 24 

52 

51 

95 

1047 

130 

0 

4 H 

February 25 

52 

51 

95 

1047 

130 

0 

+-t-+ 

February 28 


130 


h^e 


0 

. ~ ^ 

February 29 

■1 

130 

El 


iHI 

0 

— 

March 10 

58 

220 

50 

2484 

122 

0 


March 11 

58 

220 

SO 

2484 

122 

0 

— 

March 12 

58 

220 1 

50 

2484 

122 

0 



March 13 

62 

220 i 

73 

2520 

131 

0 

— 

March 14 

62 

220 

73 

2520 

131 1 

1 

0 

+++ 


In Table 2, the order of the test is reversed It is shown that a mild 
diabetic, who received a low fat, low calory diet, had glycosuna when the 
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available glucose of the diet w as 130 grams A subsequent diet contain- 
ing more than twice as much fat and only about one fourth as much car- 
bohydrate, quickly abolished the glycosuna The further striking in- 
crease in fat accompanied by only small additions of carbohydrate, was 
tolerated without glycosuria until the available glucose became 131 grams 
Similar results were obtained with patients whose disease was severe 
enough to require insulin with any dietary plan These patients were 
first placed on a low fat, liberal carbohydrate diet and given much more 
insulin than needed to prevent glycosuria The insulm was then slowly 
decreased without change in diet until glycosuna appeared The diet 
was next abruptly changed to the high fat type and the insulin was in- 
creased sufficiently to overcome the glycosuna WTiereupon the insulin 
was slowly decreased again until glycosuna reappeared A single ex- 
ample will suffice to show our cxpenence wnth this group For this 
puyose we selected a youth w ho had been under observation by us in the 
hospital for many months Table 3 brings out the fact that 16 units of 


TABLE 3 

Citmfansan of loleranu on low and on ht[h fat dieti 
Brj’son Severe diabetes 


IHte 

Prolela 

F»t 

bydnu 


Available 

flucoie 

lofalbx 

tmltt 

Urlfic 

near 



rrawT 

wsm 

tromi 


froBM 

BH| 


March 28 

47 


140 

1506 

174 

20-15 

— 

March 29 

47 

El 

140 

1506 

174 

18-12 



March 30 

47 

El 

140 

1506 

174 

IS- 9 
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March 31 

47 

El 

140 

1506 

174 

13- 7 

— 

Apnl 

1 

47 

84 

140 

1506 

174 

BE 

— _ — 

April 

2 

47 

84 

140 

1506 

174 

iE 


Apnl 

3 

47 

84 

140 

1506 

174 

BE 

— 

Apnl 

5 

SS 

220 


2680 

174 

10- 6 

— — — 

Apnl 

6 

55 

220 

120 

2680 

174 

8- 4 

— 

Apnl 

7 

55 

220 

■wtM 

2680 

174 

8- 4 

— 

Apnl 

8 

55 

220 

■wtE 

2680 

174 

6- 4 

-j 

Apnl 

9 

55 

220 

120 

2680 

174 

6- 4 

+++ 

Apnl 

10 

55 

220 

120 

2680 

174 

6- 4 

7 grania 


insulin were sufficient and that 12 units were insufficient to prevent 
glycosuna, when he ivas receiving a low fat, low calory diet, that yielded 
174 grams glucose The abrupt shift to a very high fat, high calory diet 
with the same available glucose, required no more insulin to prevent gly- 
cosuna In fact, as the table showrs, a slightly smaller dose was now 
adequate 

Smee the expenments just described were of short duration, it might 
be contended that the prolonged ingestion of the high fat diets would 
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eventually injure the patient’s tolerance Evidence that this does not 
not take place was published by us (6) as long ago as 1923 Since insulin 
had not been used in the treatment of the groups of patients studied, 
it is clear that “downward progress’’ or loss of tolerance could be dealt 
with in terms of mortality We accordingly compared the death rate of 
our patients who were receiving a high fat, maintenance diet, with the 
status of other patients treated by competent students who used a low 
fat, low calory diet Thus we reported that Williams (7) treated 304 
patients with the latter type of diet during a five year period, and had a 
mortality of 34 per cent, while we gave 176 patients the high fat diet and at 
the end of four years and four months 25 per cent of them had died 
Allen (8) reported the outcome of a three years’ trial of the low calory 
diet in 504 patients, the mortality was 17 1 per cent Dunng the same 
penod we gave the high fat diet to 137 patients with a mortality of 18 8 
per cent Joslin (9) published his statistics for 536 patients who had 
taken the low fat, low calory diet from April 1, 1919 to December 31, 
1922 The mortality was 23 per cent During the same inter\ul of time 
we treated 124 patients by means of the high fat, maintenance diet, with 
a mortality of 21 per cent Only one conclusion could be reached 

Nevertheless, the question has recently been reopened, and it is ac- 
cordingly worth while to cite further evidence that the persistent use of 
the high fat diet does not reduce the ability of the patient to mctaboli/e 
glucose 

Dr F J , aged 35, first came under our care for the management of 
diabetes mellitus in 1920 He has taken a high fat diet continuously to 
date From 1927 to the present, the diet has consisted of 73 grams of 
protein, 272 grams of fat, 68 grams of carbohydrate Tw'enty-si\ units 
of insulin prevented glycosuria for four years How'ever, early in 1931, 
an acute upper respiratory infection made it necessary to increase the 
insulin temporarily to 50 units Subsequently it was slow'ly decreased 
until he was again using 26 units daily without glycosuria 

V B , aged 19, tolerated a diet consisting of 40 grams of protein, 
240 grams of fat, and 30 grams of carbohydrate during a tw o wrecks’ trial 
in the hospital, m May 1931 He continued to take this veiy^ high fat 
diet with a fatty acid, glucose ratio of 3 2 and an available glucose of 77 
grams, for six months, when he returned at our request In the interval 
he had gained 10 kilograms in weight In spite of these conditions his 
tolerance Wcis unchanged 

We have cited the first example to show that the continued ingestion 
of a high fat diet for many years does not injure tolerance The record 
of the second patient is evidence that a diet not only strikingly high in fat, 
but also one that permitted rapid gain in weight, wus likewise w'lthout 
effect on tolerance 

These present studies have merely confirmed our earlier experience 
with many patients, that the capacity of a diabetic individual to dispose of 
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the available glucose of a diet, without glycosuna, is unrelated to either 
the fat or the energy content of the diet The tolerance of a diabeUc is 
the maximum number of grams of glucose from all sources that can be 
oxidized in twenty four hours without insulin, and after he has had full 
opportunity to recover from interfering factors It has been shoivn* ox er 
and over again, that tolerance is independent of the character of the diet 
We next took up the second question, that is, whether the ability of 
injected insulin to metabolize glucose is influenced by the composition 
of the diet As a basis for this work, we had the enlightening studies of 
Campbell and of Allan The substance of Allan's (10) investigations is 
contained m Table 4 Examination of the first section of the table shoxvs 


TAnLB 4 

Depanertattud dog 

{From F N Allan Am J Physiol , 1924, /mi, 2S7) 



Clucnie 

Ratio 


units 

1 AvaibMe 

llctubotUtd 

glacDie i InruUn 

cqnivnlent 



grams 



40 


124 

3,3 

3 1 

32 


112 

4 1 

3 5 

2* 

131 

96 


40 

20 

131 

116 

66 

58 


S2 

■■■Rim 

40 

37 


132 


6,5 

5 8 


182 

HsH 

90 

75 

32 

82 

80 

26 

2 5 

32 

132 

122 1 

4 1 

38 

32 

182 

150 

57 

47 


that the depancreatized dog, who daily received a diet that yielded 131 
grams of glucose, metabolized relatively more of it as the insulin was 
reduced from 40 to 20 units In the fourtli column the relation between 
the available glucose and the insulin, is expressed as a ratio, while the 
last column shows how much glucose was disposed of by each unit of 
insulin It xvill be seen that as the glucose increased m proportion to the 
insulin, so did the amount of glucose that Was metabolized per imit of 
insulin In sections two and three of the table, the procedure is reversed 
Nevertheless, when the relation between dietary glucose and insulin is 
expressed as a ratio, it is agam clear that an increasing ratio is attended by 
an mcreasing effiaency of insulin 

Ejituely analogous exndence may be obtained from human diabetics 
As mdicated in Table 5, a well controlled young diabetic could tolerate 
76 grams of available glucose without insulm With each subsequent 
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TABLE S 

Glucose metabolized per unit of insulin vnth increasing glucose intake 


Bryson 


Total 

Glucose 

beyond tolerance 

Ins 

Units 1 

1 

ulln 

Efficiency 

grants 

grams 



76 

0 

0 

— 

90 

14 

10 

14 

106 

30 

10 

3 0 

123 

47 

10 

47 

137 

59 

12 

50 

174 

98 

14 

70 

274 

198 

30 

68 


increase m the available glucose, insulin was also increased enough to 
surely prevent glycosuria This amount was then slowly decreased until 
glycosuria appeared Column 3 shows the least amount of insulin that 
would prevent glycosuria for each level of available glucose It will be 
seen that as the glucose increased beyond tolerance, each unit of insulin 
disposed of a greater amount of glucose, until a mavimum was reached 
beyond which further additions of glucose were without effect on the 
efficiency of insulin 

Experiments with the depancreatized dog and with the human dia- 
betic agree in showing that the glucose equivalent of a unit of insulin is 
not a fixed quantity, but that it is dependent upon the absolute amount of 
glucose to be acted upon The glucose equivalent may be strikingly 
augmented by increasing the available glucose in proportion to the in- 
sulin This gives a high ratio However, the reduction of the insulin 
in the presence of a small amount of glucose, which also increases the 
ratio, does not increase the efficiency Hence, there must always be a 
large amount of glucose present, in order to obtain a high efficiency of in- 
sulin The data also makes it clear that there is a definite upper limit 
to the amount of glucose that can be disposed of by a unit of insulin 
The evidence at hand suggests that this maximum is about 7 grams of 
glucose per unit of insulin 

These investigations afford a quantitative basis for comparing the 
required dose of insulin when different types of diet are employed For 
example, it is found that a hypothetical patient whose tolerance is 100 
grams of available glucose, requires 14 units of insulin when he receives a 
diet containing 60 grams of protein, 190 grams of fat and 66 grams of 
carbohydrate Since the total glucose of this diet is 120 grams, he will be 
receiving 20 grams more than his tolerance Accordingly, 14 units of 
insulin disposes of 20 grams of glucose The glucose equivalent is there- 
fore 1 4 gram The diet is now changed to 60 grams protein, 40 grams of 
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fat, and 150 grams of carbohydrate The total glucose of this diet is 
189 grams, which is 89 grams teyond tolerance This additional glucose 
may also be completely utilized wthout increasing the insulin, since the 
required efficiency of 6 4 grams per unit of insulin has been demonstrated 
to occur But the second diet yields only 1356 calones If the first 
diet, that contains 2214 calones, is maintenance, the patient will ob- 
tain the extra calones when he takes the second diet by oxidation of about 
95 grams of his body fat The 9 extra grams of axailable glucose will 
not cause glycosuna if the cffiaency of insulin may be relied upon for 
7 grams of glucose per unit 

The study also shows that tolerance is independent of the type of diet 
Accordingly, this paDent’s tolerance wnll not be increased by adding 
carbohydrate to the diet, nor diminished by increasing the fat. Such 
being the case, it is not necessary to use insulin at all in the treatment of 
this patient, since his tolerance of 100 grams of glucose permits him to ob- 
tain a satisfactory diet that will yield the desired calorics A diet con- 
sisting of 40 grams of protein, 208 grams of fat and 45 grams of glucose, 
will contain 89 grams of available glucose and 2212 calones 

SUMitARY 

1 The tolerance of a diabetic individual is defined as the ma.ximal 
capaaty to dispose of the available glucose from all sources, without 
glycosuna, in the absence of insulin This value is not depressed by 
dietary fat nor augmented by dietary carbohydrate The continued 
administration of high fat, maintenance diets does not low'cr it 

2 The effiacncy of insulin in the case of the human diabetic, as in the 
depancreatized dog, is related to the total amount of glucose upon which 
It acts Wlien the available glucose far exceeds the tolerance, each unit 
of insulin will cause the oxidation of six or sex'cn grams of glucose Under 
othciw\Tse similar conditions except for a small excess of available glucose, 
only one or two grams of glucose are oxidized per unit of insulin 

3 A sharp maximal efficiency is also revealed 

BIBLIOGRAPHY 

1 Gray, P A , and Sansutn, W D , Endocnnology, 1931, xv, 234 An 

Unusual Effect of a Carbohydrate Rich, Fat Poor Diabetic Diet. 

Report of a Case. 

2 Rabinowitch, I M , Canad Med Assoc. J , 1932, xxvi, 141 The Present 

Status of the High Carbohydrate-Low Caloric Diets for the Treatment 

of Diabetes 

3 Barach, J H , Ann Int. Med , 1930, iv, S93 Lower Fat Diet m Diabetes 

4 Barach, J H , J Am Med Assoc., 1932, xcviii, 1265 Lower Fat Diet 

in Diabetes 

5 Adlersberg, D , and Porges, 0 , Kim Wchnschr , 1928, vii, 1503 fiber 

die Diatbehandlung der Zuckerkrankheit nut Fettarraer Kost. Ill 

Kohlehydratmaatkuren bei Unterernfthrten Zuckerkranken 

66 



1002 


ACTION OF INSULIN 


6 Newburgh, L H , and Marsh, P L , Arch Int Med , 1923, xxxi, 455 

Further Observations on the Use of a High Fat Diet m the Treatment 
of Diabetes Mellitus 

7 Wilhams, J R , Am J Med Sa , 1921, clxii, 62 An Evaluation of 

Allen Method of Treatment of Diabetes 

8 Allen, F M , and Shernll, J W , J Metab Research, 1922, i, 377 Clinical 

Observations on Treatment and Progress in Diabetes 

9 Joshn, E P , J Am Med Assoc , 1922, Ivxviii, 1506 Today’s Problem in 

Diabetes in Light of 930 Fatal Cases 

10 Allan, F N , Am J Physiol , 1924, Ixvii, 275 The Glucose Equivalent 
of Insulin in Depancreatized Dogs 



A COMPARATIVE STUDY OF THE EXCRETION OF WATER 
AND SOLIDS BY NORMAL AND ABNORMAL KIDNEYS 

By F H LASHMET and L H NEWBURGH 
(From the Dcpartmenl of Iniemal Ucdictne, UntvtrsUy of Muhigan, Ann Arbor) 

(Received for publication May 25, 1932) 

A previous report by us (1) presented evidence to show that normal 
kidneys are able to excrete concentrated unne, while diseased kidneys 
are not The manner in which this information was obtained was as 
follows The subjects were on a constant diet for a preparation period of 
3 days Fluid intake was restricted to 1500 cc. daily Beginning at 
6-00 P M of the third day, all intake of food and fluid w as stopped for 18 
hours Unne was collected at intervals during this fast and the specific 
gra\nty determined It was found that normal kidneys were able to 
concentrate the unne to a specific gravity of 1 026 or above Diseased 
kidneys were unable to reach 1 026 

In order to observe these facts in more detail, further studies (2) have 
been made. This time a greater load was imposed upon the kidneys, 
but for a shorter penod of time The procedure w as as follows Begin- 
ning at 10 00 P M , all intake of fluid and food, except a special diet, 
was withheld for 38 hours Urine was collected at intervals dunng this 
penod and the specific gravity determined 

In the previous study, the total available water was approximately 
2800 cc daily In the latter one, the total available water was reduced 
to 700 cc daily 

The solid intake of the body was practically the same in both studies 
Under these latter conditions, it was found that normal kidneys are 
able to concentrate the unne to a specific gravity of 1 029 or above 
Diseased kidneys cannot reach 1 029 The more severe the renal damage 
IS, the lower the concentrating ability of the kidneys was found to be 
The speafic gravity of any solution is an expression of a ratio between 
water and solids in solution As the kidneys become unable to concen- 
trate the unne, the ratio of grams of water per gram of sohd excreted 
must increase Figure 1 illustrates this ratio of water to total solids in 
the unne at different speafic gravities This ratio holds for each speafic 
gravity regardless of whether it is the maximal speafic gravity attainable 
or that of a speamen obtained imder submaximal conditions 

Since, in disease, there is an mcrease in the proportion of water per 
gram of solid excreted, it is important to determine what effect this high 
ratio has on the total 24 hour excretion of water and solids 
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The lower specific gravity in disease could be brought about in several 
ways First, the total volume of urine excreted per unit of time might be 
normal, but the amount of solids contained therein be below the normal 
In this case, there necessarily would be retention of excretory wastes 
Second, the amount of solids excreted per unit of time might be normal 
but contained in an unusually large volume of urine Under these cir- 
cumstances, no retention of solids could exist Third, there might be a 
combination of both the above possibilities, a decreased excretion of total 
solids in an increased volume of urine per unit of time 



Fig 1 Relationship or Water to Total Solids in the Urine at 
Different Specific Gravities 


These studies were done in order to determine what the conditions 
are in the case of diseased kidneys characterized by a low concentrating 
ability 

Both normal individuals and tliose witli various types of renal disease 
were studied The latter included cases of acute nephritis, chronic ne- 
phntis with edema, chronic nephritis with hypertension and no edema, 
essential hypertension with mild renal involvement, pyelonephritis, and 
tuberculosis of the kidneys 

The intake of solids was identical m every case This consisted of a 
special diet containing protein 40 grams, fat 104 grams, carbohydrate 
204 grams, and 1900 Calories One gram of sodium chloride was added 
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Such a diet contains 6 536 grams of nitrogen, 9 1 grams of inorganic solids 
and 3 286 grams of chlonne The menu of this diet is as follows 


Food Grams Approximate Measure 


Breakfast 

Corn flakes 
Bread (toast) 

Butter 

Cream, 40 per cent 
Sugar 
Lunch 

Beef steak 
Potato (baked) 

Crackers 

Butter 

Dates 

Dinner 

Potato (baked) 

Lettuce 

Crackers 

Butter 

Dates 

Peaches (canned) (no jmee) 


15 i cup 

60 2 slices — J inch 

20 2 squares, or 1 level tablespoon 

SO i cup 

13 I tablespoon 

100 4 X 4 X ^ inch 

80 l-2j inch diameter 

16 4 

20 2 squares, or 1 level tablespoon 

70 10 

80 1 as above 

100 i bead 

16 4 

20 2 squares, or 1 level tablespoon 

30 4 

85 1 half 

755 


The total water available when such a diet is fed is approximately 700 
grams per 24 hours This was calculated as follows The water of the 
food was determined by desiccation The average for 16 menus was 
372 grams The water of oxidation of the diet alone is 250 grams How- 
ever, this diet is submaintenance for many individuals, consequently 
body protein and fat must be oxidized Thus the actual water of oxida- 
tion would be greater than that coming from the diet alone. A total 
water and energy exchange was obtained from 3 normal and 6 abnormal 
individuals in the senes by the method desenbed by Wiley and Newburgh 
(3) It was found that the amount of water available from all sources 
when such a diet is fed averaged 706 grams per 24 hours for this group 

Beginning at 10 ■00 P M the night before each expenment, all intake 
of fluid and food, except the special diet, was withheld for 34 hours 
From 8 00 A M the follomng morning until 8 ■00 A M 24 hours later, 
all unne was collected as one specimen Durmg this 24 hour penod, 
the speaal diet was taken 

Total solids and water of the unne were determined by the usual 
method of freezing and then desiccating over sulphunc aad Specific 
gixfvnty was determined at 25° C by the weight method, using weighmg 
bottles of about 5 cc capacity 

When the abovre conditions were imposed, two distinctly different 
responses ■were observed (Table I) These responses dinded the subjects 
mto two groups The cntical feature ■was the presence of that well- 
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TABLE I 

Effect of water reslnchon on the excretion of water and total solids by normal and 

diseased kidneys 


Normal specific gravity 

Case number 

Urine water 

Urine solids 



erams per S4 hours 

crams Per S4 hours 

1 032 to 1 029 

1 

288 

25 00 


2 

354 

25 26 


3 

384 

33 34 


4 

432 



5 

513 

37 23 


6 

550 

33 30 


7 

554 

39 32 


8 

574 

37 56 


Average 

456 

32 95 


Abnormal— 

-Group A 


1 028 (incl ) to 1 025 

9 

515 




550 



11 

638 

37 64* 


12 

675 

39 82* 


Average 

594 

34 94 

1 024 (mcl ) to 1 020 

13 

530 

IBISBi 

14 

650 



15 

655 



17 

672 



18 

815 

41 56* 


19 

825 

46 20* 


20 

847 

4-1 43 


Average 

713 

41 22 

1 019 (mcl ) to 1 015 

21 

600 

25 SO* 


22 

770 

31 57* 


23 

770 

36 98 


24 

1224 

51 50* 


25 

1495 

53 23 


Average 

971 

JP SI 

1 014 (mcl ) to 1 010 

27 


29 00* 


28 

1176 

25 67 


29 


43 08 


30 

1804 

33 00 


Average 

1355 

32 6S 


Abnormal- 

-Group B 


10203 

26 

247 

13 82 

10096 

31 

845 

18 89 


* Calculated from soecific pravitv ('>\ 
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known type of generalized edema that so characteristically appears as 
the first important sign of chronic, progressive kidney disease in young 
adults The ti\ o groups are as follows 

A Those subjects having renal damage \nthout the nephrotic type 
of edema (1) Chronic nephntics who never had edema, or in whom it 
had disappeared Cases 9, 10, 11, 13, IS, 18, 20, 22, 23, 28, 29 and 30 

(2) Essential hypertension vnth mild renal involvement Cases 12 and 14 

(3) Pyelonephntis Cases 17, 19, 21 and 27 (4) Renal tuberculosis 

Case 24 (5) Severe secondary anemia wth mild renal damage and 

edema Case 25 

B Those subjects with chronic nephritis and the nephrotic type of 
edema Cases 26, 31 

In Group A, the most stnking deviation from the normal u^s the 
larger output of water With each lowenng of the specific gravity, a 
greater w'ater excretion per gram of solid occurred Inasmuch as a normal 
amount of solids i\-as almost always excreted, the increased water output 
apparently compensated for the decreased ability of the kidneys to con- 
centrate 

Since this group ingested the same amount of water as the normal 
group, but excreted more nater, the extra unnary water must have been 
released from the body itself 

The subjects in Group B had edema of the nephrotic type The con- 
centrating ability of both of these subjects ivas below normal as was the 
case in Group A In these patients, however, the response was different 
The amount of water excreted was distinctly lower than that of Group A 
with corresponding specific gravities In fact, the water excretion of 
Case 26 aas even lower than that of the normal group With the lowered 
water excretion, there was also a very low solid excretion 

In Group A, Cases 20 and 22 had the same type of nephntis as Cases 
26 and 31 of Group B However, the nephrotic edema which had been 
present in the former cases had disappeared before the expenment. Cases 
20 and 22 responded to water depnvation by excreting a large amount of 
water, while Cases 26 and 31 did not Other subjects in Group A (Cases 
25 and 28) with edema which was not of the nephrotic type also excreted a 
large amount of water 

One might conclude that when nephrotic edema is present, the patients 
are less able to excrete water and solids This would account for the 
presence of the edema and the lowered excretion of water and solids But, 
as will be shown later, both Cases 26 and 31 could excrete water and solids 
Hence, when nephrotic edema is present, the body water is more firmly 
held than in any of the other types studied, normal, “dry” nephntics of 
any type, cardiac edema and edema associated with severe anemia. 

In order to compare the effects of “water restriction” with the admm- 
istration of extra water, another study was made (Table II) Three nor- 
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TABLE n 


Comparison of the effect of restnction and admintstrahon of toater on the excretion of water 
and total solids by normal and diseased kidneys 


1 

1 

1 

1 

DIacnosIe 

Pnrt A, 
water 

rcatrictcd j 

Part B, 
water 
as desired 

Urine 

water 

Urine 

eollds 

Urine 

water 

Urine 

solids 




Srams 

crams 

crams 



per 

per 

per 

per 



hour 

hour 

hour 

hour 

5 

Normal 

17 90 

1 266 

2136 

1 551 

16 

Normal 

20 74 


27 79 

1428 

8 

Normal 

23 93 

1 565 

60 50 

1 655 


Average 

20 S6 

1445 


1545 

30 

Chronic nephntis with hypertension, no edema 

75 16 

1 375 

205 10 

1 572 

28 

Chronic nephntis with hypertension, cardiac failure. 





1 

edema present 


n;:: 


1 148 

31 

Chronic parenchymatous nephntis, edema moderate 

iSi 

iSn : ^ 

67 62 

1 249 

26 

Chronic parenchymatous nephntis, edema marked 

8 78 

0 505 


1445 

25 

Anemia — secondary, severe — edema moderate 

55 07 

1 676 

62 28 

2 218 


mal and 6 abnormal subjects of the above senes were studied The latter 
were selected because of the various types of renal disease which they rep- 
resented 

The same conditions were maintained as previously described except 
that as shown in part B (Table II), extra water was allowed as desired 
When the normal group were allowed extra water, the average solid 
excretion was 1 545 gram per hour This was not strikingly greater than 
when the available water was small 

When the abnormal group were allowed extra water there was a 
stnking increase in the water excreted Witli the increased water excre- 
tion, there was also a marked increase in the solid excretion This re- 
sponse was the same in the various types of disease, whether edema was 
present or absent and whether the edema was of the nephrotic type or 
otherwise It should be especially noted tliat Cases 26 and 31 increased 
the water excretion remarkably and with it a solid excretion approaching 
the normal 

Case 26 presents striking evidence in support of the view that retention 
of solids is to be attributed solely to an insufficient intake of water Since 
the low concentrating ability necessitates an increased volume of unne to 
remove the urinary wastes, and since body water is not easily given up 
in nephrotic edema, the only chance of preventing retention of unnary 
solids is by the ingestion of a really large amount of water 
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SUMMARY 

Individuals with renal damage are unable to form as concentrated 
unne as normal This necessarily means that the unne in the former has 
a high water/total solid ratio It naturally follows that if the individual 
IS to excrete the normal amount of solid waste products per 24 hours, he 
can accomplish this only by means of a large volume of unne The 
lower the concentrating ability of the kidneys, the greater must the 
volume of unne be if no retention is to occur 

When water is restncted there are two distinctly different responses 
by individuals with renal disease In the first group are those individuals 
having renal disease unaccompanied by the nephrotic type of edema 
This group has a large volume of urine per 24 hours in spite of the small 
intake of water This extra unne water is released from the body itself 
In the second group arc those individuals having renal disease accompa- 
nied by the nephrotic type of edema This group has a small volume of 
unne per 24 hours This is not due to the inability of the kidneys to 
excrete water It is due to the unusually great affinity of the tissues for 
water 

When water is freely allowed, there is no difference m the response of 
the two types Increased w ater ingestion is followed by both an increased 
water excretion and solid elimination This response is the same whether 
edema is present or absent and whether this edema is of the nephrotic 
type or otherwise 

Apparently the process of excretion of waste products in renal disease 
IS fundamentally one which avoids the retention of solids by increasing 
the water output as a compensation for a low concentrating ability If 
the amount of ingested water is too small for this purpose, body water may 
be released If the body water is not released, ^en the process fails and 
retention of wastes results In either case, an extra large amount of 
ingested water is needed to insure the complete removal of solid wastes 
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STUDIES ON THE PHYSIOLOGY OF THE PARATHYROID 

GLANDS 


V Action of Parathyroid Extract on the Renal Threshold for 

Phosphorus 

By read ELLSWORTH 

(From the Medical Clinic, the School of Medicine, Johns Hopkins University and Hospital, 

Baltimore) 

(Recen ed for publication Mny 26, 1932) 

The most sinking end result of the administration of the parathyroid 
hormone, and the one most important therapeutically, is the elevation of 
the serum calcium The present paper is the fifth of a senes (1) (2) (3) 
which have been largely concerned with the mechanism by which that 
result IS achieved 

As previously emphasized, the four cardinal metabolic abnormalities 
which a lack of parathyroid hormone occasions are 1 Fall of unnary 
phosphorus excretion 2 Rise of serum inorganic phosphorus 3 Fall 
of serum calcium 4 Fall of unnary calcium excreUon 

Similarly, the giving of parathyroid extract corrects these abnormali- 
ties, causing 1 Rise of unnary phosphorus excretion 2 Fall of serum 
inorganic phosphorus 3 Rise of scrum calcium 4 Rise of unnary 
calcium excrebon 

Many chemical invesbgations dealing with calaum and phosphorus 
metabolism have shown that the bvo substances are closely interrelated. 
It, therefore, seems probable that the parathyroid hormone effects one of 
the four changes mentioned above and that the other changes are se- 
quelae In previous experiments it appeared that after parathyroid 
extract administrabon the alterabon m urinary calcium was very much 
delayed (1), whereas the mcrease in phosphorus excrebon was immediate 
(1) This suggested the hypothesis that the phosphorus changes pro- 
duced by the parathyroid hormone were pnmary and that the calcium 
changes followed them In the earlier expenments, however, the anal- 
yses of blood serum, after injections of parathyroid extract, showed, 
as a rule, that by the bme the serum phosphorus had fallen the serum 
calaum had already begun to rise In the present experiments, which 
confirm the previous observabons, the changes in blood and unne were 
examined more closely, with the result that some addibonal observabons 
have been made 
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EXPERIMENTS 

Four nearly identical 8-hour experiments were performed on two 
patients suffenng from postoperative hypoparathyroidism Both were on 
the metabolism ward of the Osier Clinic They were fasted and kept at 
rest for twelve hours before and during the whole time of the experiment 
One hundred cc of water was given each hour during the experiment 
Hourly unne specimens were collected for three hours before and five 
hours after the injection of the parathormone ' This was given intra- 
muscularly and the site massaged for five minutes Blood specimens were 
taken just before the extract was given and one-half, one, tivo, and either 
four or five hours afterwards Precautions were taken to avoid venous 
stasis, the serum was separated after allowing one-half hour for clotting, 
the phosphorus filtrate was made at once Serum calcium was estimated 
by the method of Kramer and Tisdall (4) , inorganic phosphorus by that 
of Fiske and Subbarow (5) 

The ultrafiltration experiments were carried on upon large samples of 
blood taken while fasting Dry negative cotton in alcohol-ether was used 
as the substance for membranes The technique and precautions de- 
scribed by Grollman (6) were followed 

It is perhaps useful to emphasize the method by which the filtrate was 
obtained for analysis Ten cc of serum was suspended in a collodion sac 
and enclosed in a glass chamber, which contained only a single small hole 
at the top A pressure of 180 mm Hg was applied As soon as the mem- 
brane became damp on the outside, the moisture was removed by wiping 
with an ash-free filter-paper As filtration proceeded, each 0 3 to 0 4 cc 
coming through was separated and analyzed A constant concentration 
was obtained usually in the third and fourth samples, samples one and 
two being slightly higher or lower in phosphate content The constant 
value was thus obtained when less than one cubic centimeter had filtered 
This mimmizes one objection to ultrafiltration, namely the possible altera- 
tion in the filtrability of one ion by gross change in concentration of otlier 
ions 

OBSERVATIONS 

In all experiments the parathormone injection was followed by a 
marked rise m urinary phosphorus excretion (Charts 1, 2) This was 
conspicuous m the first-hour specimen and even more marked in the 
subsequent speamens There was a pronounced rise in the phosphorus 
concentration as well as in total amount 

There was a fall in serum inorganic phosphorus, apparent as early as 
one-half hour after the parathormone injection 

There was a rise in serum calcium, but, whereas the fall of serum in- 
organic phosphorus was immediate, the rise in serum calcium was delayed 
In Expenmen ts 1 and 2, the delay was slight, but in Experiments 3 and 


^ Parathyroid extract isolated by Collip Prepared by Eli Lilly and Co 
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4 there was no nse in serum calaum during five and four hours respec- 
tively after the parathormone injection At the end of t\venty-four hours 
after the injection the serum calcium had nsen as usual 

Serum, subjected to ultrafiltration, showed that 97 to 100 per cent of 
the inorganic phosphorus was filtrable before parathormone was given 
(Table 2) 



Chart 1 Serum and Urinary Calctum and Phosphate in Subject A C 

DISCUSSION 

In the present expienments, as in those previously rejxirted, the injec- 
tion of parathormone was followed by a rapid excretion of phosphorus 
in the unne This we have observed repeatedly Although there was 
sometimes a slight mcrease in flmd output (Expenmen ts 2 and 4), there 
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was an enormous increase in phosphorus concentration in the urine, as 
well as in the total hourly phosphorus excretion 

The phosphorus diuresis was accompanied by a fall in serum inorganic 
phosphorus It seemed desirable to obtain a rough figure for the total 
amount of phosphorus lost from the plasma in order to compare it with 
the amoimt of phosphorus found in the urine These figures were 
obtained as follows From the data of Chang and Harrop (7) for 
blood volumes, normal individuals with the surface areas of our subjects 
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Chart 2 Serum and Urinary Calcium and Phosphate in Subject H C 


would have blood volumes of approximately 2530 cc and 3860 cc re- 
spectively Figures of 1800 cc and 2500 cc for the pl-asma volumes were 
taken as maximum figures, which would be well above any probable varia- 
tion The amount of phosphorus lost from the serum, assuming the 
maximum plasma volumes, was then calculated from the observed fall 
in serum phosphorus In Table 1 it is seen that, even assuming the max- 
imum plasma volumes, there is sufficient phosphorus in the urine, during 
the first hour after the injection of parathormone, to account for the 
decrease of phosphorus in the serum 
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TABLE 1 


Comparison oj serum phosphate and urinary phosphate excretion 
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1 
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volume 
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■■ ■ ■ 1 
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Foil In ^ 
serum i 
Ictor 
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phOTUI 

Jst hour j 

rhoj 1 
phorui 1 
lost 1 
asfumimr 1 
mruimom 
ptasma 
volume 

Phos- 
phorus 
found in 
urine 1st 
hour after 
para 

thonwmc 



Xf m 


cc. 

ct 

mtm Per 
100 cc. 

mgifu 

mpn 

1 


11 

2300- 

2530 

1800 

0 45 

8 1 

11 8 

2 


1 1 

2300 

2530 

1800 

100 

18 0 

18 7 

3 

H C 

1 6 

2300 

36SO 

2500 

13 

32 5 

33 6 

4* 

H C 

1 6 

2300 

3680 


10 

250 

1 

839 


* First two hours taken, os first hour unne was collected few minutes early 
1 From Chang and Harrop (7) 

i For maximum plasma solume approximate figures were chosen which 
would be well above a 0 > probable vanations Plasma volume X observed 
fall in inorganic phosphorus = mgm phosphorus lost from plasma 


TABLE 2 
inirafillraiion 


Subject 1 

1 

Sample 

laarvanlc pbos- 
pborus la serum 
corrected for 
protein 

Inottanlcpbos 1 
phorus 
la filtrate 

FBtnbOitsr 



mfm pet iOO ec* 

mpn Pfr IOO (£ 

per cent 

AC 

1 

8 24 

82 

100 


V 

8 05 

79 

98 

HC 

I 

7 66 

73 j 

97 


2 

69 

68 

98 


* One half hour after parathormone. 


The behavior of the serum calaum shows an interesting contrast to 
that of the serum phosphorus \\'herea3 the change m the latter was 
immediately detected, the alteration in serum calcium level was delayed 
In Experiments 1 and 2 the delay was slight, though defimte, whereas in 
Expenments 3 and 4 the lag in calcium change was more than 5 and 4 
hours respectively In these expenments blood specimens taken 24 
hours after the parathormone showed the usual nse in serum calaum 
Such observations offer stronger evidence than we have before obtained 
for the hypothesis that the changes in phosphorus metabohsm following 
parathyroid administration are primary and the alterations in calaum 
metabolism are secondary 

As an explanation of the phosphorus diuresis following the injection of 
parathormone, any hypothesis that the phosphorus is forced out of the 
serum in some way as an adjustment to a rismg serum calaum is untenable 
m those instances m which the serum calaum did not nse for 4 hours 
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One IS again left with the hypothesis that the phosphorus changes occur 
as the first effect of the injection of parathormone 

To explain the outpouring of phosphorus in the urine in combination 
with a falling serum inorganic phosphorus, two possibilities suggest them- 
selves The first is that the hormone might convert a grossly nonfiltrable 
form of phosphorus into a filtrable state so that it would more readily pass 
the kidney By using Grollman’s technique, however, it was found 
(Table 2) that from 97 to 100 per cent of the inorganic phosphorus of the 
serum of these two subjects was readily filtrable before parathormone was 
given 

There remains then the hypothesis that parathyroid extract lowers the 
renal threshold for phosphorus, although the term renal threshold still 
wants an accurate definition In this case the sequence of events leading 
to the eventual rise of serum calcium and the calcium diuresis would 
appear to be (o) Lowering of renal threshold for phosphorus (&) Rise 
of phosphorus excretion in urine (c) Fall of serum inorganic phosphorus 
(d) Rise of serum calcium in adjustment to (c) (c) Rise of urinary cal- 

aum excretion 


SUMMARY 

1 In four expenments, as previously observed, the first effect of 
parathormone injection m two patients witli hypoparathyroidism v as an 
immediate outpouring of phosphorus in the urine and a fall of scrum 
phosphorus 

2 By taking blood specimens at very short intervals it was found that 
the fall m serum phosphorus preceded the rise in serum calcium 

3 The hypothesis that the parathyroid hormone affects primarily the 
phosphorus metabolism is thereby strongly supported 

4 By direct ultrafiltration expenments the serum phosphorus was 
shown to be 97 to 100 per cent filtrable before parathormone was given 

5 To explain the initial phosphorus diuresis, one is left with the sug- 
gestion that parathormone lowers the renal threshold for phosphorus 

The author wishes to acknowledge his indebtedness to Miss M 
Struve for her very careful work in supervising the metabolism routine and 
for making the charts 
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VASODILATATION IN THE LOWER EXTREMITIES IN 
RESPONSE TO IMMERSING THE FOREARMS IN 
WARM WATER 

By JOHN H GIBBON. JR, and EUGENE M LANDIS 

(From the Robinetic Foundation oj the Hospital of the Unnersity of Pennsylrania 
Phitadtlphia) 

(Recei\’cd for publication Ma> 26, 1932) 

Several tests have been proposed, and are now in general use, for 
estimating the grade of organic occlusion existing in the blood vessels of 
an extremity The principle underlying these various methods is similar 
The surface temperature of the distal portion of the cool, exposed ex- 
tremity IS measured thermo-elcctrically Dilatation of the penpheral 
vessels is then produced and the coincident nse in surface temperature is 
recorded The level to which the temperature rises with complete vaso- 
dilatation has been determined m individuals wth normal penpheral cir- 
culation If the surface temperature fails to nse to this normal level, the 
artenes supplying the part are regarded as being unable to dilate due to 
organic changes in their walls 

One of the earliest methods of producing vasodilatation in the ex- 
tremities in man was suggested by Brown (1) and consists in producing 
fever by the intravenous injection of typhoid vacane Morton and 
Scott (2) induced vasodilatation m the lower limbs by means of spinal 
anesthesia, and later proposed the use of general anesthesia, ether, nitrous 
oxide or ethylene (3), for the same purpose Injection of penpheral 
nerves with novocaine has also been used to produce local vasodilatation 
by White (4), Lewis (5), and Scott and Morton (6) Still more recently 
Lewis and Pickenng (7) studied the vasodilatation in the hands produced 
by warming the body The subject was seated in a small hot air chamber 
ivith the head and hands projecting mto a cool room Heating the air in 
the chamber to a temperature of 46“ C or more was followed by a nse in 
the skin temperature of the hands They suggest that the method may 
also be used to produce vasodilatation in the feet 

The following rejiort describes the effects which warming one or two 
extremities exerts on the skm temperature of the other extremities, with 
special emphasis on the vasodilatation m the feet produced by immersing 
the forearms in warm water The mechanism by which this vasodilata- 
tion IS induced has been studied in normal subjects The simplicity of 
the method and apparatus, as well as the constancy of the reaction in nor- 
mal subjects, suggests that the procedure may have a certam value in the 
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diagnosis of peripheral vascular diseases Only three illustrative cases 
are described, a more comprehensive clinical study will appear later 

METHOD 

The observations on normal subjects have been carried out at room 
temperatures varying from 11 4 to 21 5° C The subjects were seated m 
a chair with the feet resting on a stool about a foot from the floor Room 
temperature was read from a mercury thermometer suspended in the air 
near the exposed extremities The surface temperatures of the toes were 
determined thermo-electncally in the usual manner The thermal junc- 
tions were placed in contact with the skin on the dorsal surface of the 
distal phalanx just proximal to the base of the nail In some instances 
the junctions were bare and in others a single layer of surgeon’s plaster 
covered the junction without modifying the results significantly Skin 
temperatures were measured at 2 minute intervals while the exposed 
extremities cooled, and when the skin temperature was sufficiently low 
(usually 25° C or less) the forearms were immersed in warm water (43 
to 45° C ) to a point just above the elbows For this purpose ordinary 
white enamel arm baths, 52 cm long, 20 cm wide and 15 cm deep, were 
entirely satisfactory The temperature of the water was kept between 
43 and 45° C by means of a small electrical heating coil placed beneath 
each bath While the forearms were immersed m warm water skin 
temperature and room temperature were read every minute 

While the primary object of these experiments w’as to study vasodilata- 
tion in the lower extremities, a certain number of observ’-ations w'ere made 
upon the vasodilatation in the hands produced by immersing the legs in 
warm water In these experiments the method was essentially the same 
The hands were exposed until cool, then the legs were immersed in warm 
water to a level midway between the ankle and knee The two recep- 
tacles used 8LS foot baths were metal cans, open at the top, 24 cm square 
and 35 cm deep At the bottom of each can a small w'ooden frame 
weighted with lead prevented the sole of the foot from coming into con- 
tact wnth the metal The bath was maintained at a temperature of 43 to 
45° C by means of a small heating coil beneath each can 

OBSERVATIONS 

1 General vasodilator effects of immersing one or two extremities in warm 

water 

The typical rise in the skin temperature of the feet observed when 
the hands and forearms are immersed in warm water is shown m Figure 
1 The subject (G ) had been m a cool room (16 to 17° C ) for two 
hours The coat was removed and the shirt sleeves were rolled up above 
the elbows The subject was seated, his feet were supported about 15 
inches from the floor and exposed to the room air Thermal junctions 
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were placed on the nght first and second and the left first toes Dunng 
the first 20 minutes of exposure the temperatures of the toes fell from be- 
tween 19 and 20° C to between 17 and 18° C Both arms were then im- 
mersed in warm water (44 to 45 5° C ) Four minutes later the subject 
felt warm , one minute after that the face was flushed and the forehead 
slightly moist with perspiration Ten minutes after the forearms had 
been immersed the subject was perspiring profusely The left first toe 
started to become ivarm ten minutes after the forearms had been immersed 
and was followed three minutes later by the nght first and second toes 



Fio 1 Showing Vasodilatatiov in the Toes Produced ay ImiEnsiNo 
Both Forearms in Warm Water 

LI, left first toe, JJl, J?2, right first and second toes, R.T , room temperature. 

Thereafter the skin temperature of all the toes rose rapidly, reaching in 
a few mmutes maximum levels of 33 to 34° C The forearms were re- 
moved from the warm water 35 minutes after being immersed This was 
followed by a rapid fall m the surface temperature of the toes 

The normal vasodilator response m the hands following immersion of 
the legs in warm water la shown m Figure 2 The subject, La , entered 
the cool room (14° C ) after having been m a warm environment for 
several hours Coat, shoes and socks were removed, and the shirt sleeves 
were rolled above the elbows The subject was seated in a chair with his 
hands resting palm downward on a table Thermal junctions were 
placed over the dorsum of the middle phalanx of the left third and nght 
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fourth fingers and on the dorsum of the right hand In this observation 
the rectal temperature was also recorded by means of a fourth thermal 
junction placed opposite the opening of a small catheter introduced into 
the rectum for a distance of 10 cm Surface temperatures were then 
recorded for a preliminary period of 73 minutes During the first 30 
rmnutes the surface temperatures of the hand and fingers fell slowly 
By the 30th minute the subject felt definitely chilly, and from then on the 
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MINUTES 

Fig 2 Showing Vasodilatation in the Fingers Produced b\ Im- 
mersing Both Lower Legs in Warm Water Rectal Temperature is 
Shown at Top of Chart 

DRH, dorsum right hand, R4, right fourth finger, L3, left third finger, 
R T , room temperature 

surface temperatures fell more rapidly At the 73d minute both lower 
legs were immersed m water at a temperature of 43 to 45° C Ten min- 
utes after immersion of the legs the subject still felt definitely chilly and 
gooseflesh was present over both the forearms Si\ minutes later the 
subject was comfortably warm and the forehead was moist to the touch 
After the legs had been immersed 19 minutes the temperatures of the 
fingers and hand began to rise and in a few minutes had exceeded 32° C 
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After the legs had been removed from the baths and dned, the tempera- 
tures of the hand and fingers began to fall and the subject again felt 
chilly 

It can be seen in Figure 2 that the temperature of the dorsum of the 
hand, although initially higher than that of the fingers, did not rise as 
rapidly nor to as high a level as did the digital temperature Lewis and 
Pickenng (7) have demonstrated that the tips of the fingers show the 
earliest and greatest rise in surface temperature when vrisodilatation is 
induced by w-arming the body These authors have suggested that the 
difference in temperature response is due to the presence in the distal 
phalanges of artenovenous anastomoses, the importance of which Grant 
and Bland (8) have demonstrated 

Warming a sufficient area of one limb also produces vasodilatation in 
the other limbs Figure 3 shows the effect of warming the lower half of 



Fig 3 Showing Vasodilator Effect of Immersing the Right Lower 
Leg in Warm Water 

L2T, left second toe R3F, nght third finger L2F, left second finger 
R T , room temperature. 

the right leg upon the surface temperatures of the other three extremities 
During the control penod of 39 minutes the temperature of the left sec- 
ond toe, which was already at a low level (19 7° C ), fell steadily The 
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temperatures of the fingers fluctuated about a high level at the start of the 
observation but finally began to fall as the subject became definitely 
chilly At the 39th minute the right lower leg was immersed in a bath 
at a temperature of 42 5 to 45° C Sixteen minutes after the leg was im- 
mersed the subject still felt definitely chilly Three minutes later the 
face was flushed and by the 60th minute, 21 minutes after immersion of 
the leg, the subject felt comfortably warm Shortly afterward the tem- 
peratures of all three extremities had risen well above 32° C Immersion 
of one forearm in hot water produces a similar rise of skin temperature 
in the opposite fingers and in the toes (Figure 4) 



MINUTES 

Fig 4 Showing Vasodilator Effect of Immersing the Left Forearm 

IN Warm Water 

R3F, nght third finger, R2T, right second toe, R T , room temperature 

In normal subjects warming two extremities in the manner described 
has always produced complete vasodilatation m the digits of the other two 
extremities Warming one extremity, however, does not always produce 
complete vasodilatation in the other three extremities Such partial or 
incomplete responses have been observed when one upper extremity has 
been warmed only as far as the wrist, or when one lower extremity has 
been warmed only as far as the ankle 
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2 The time rdalioits of the vasodilator response tn the lower extremities of 
normal subjects 

Table I summanzes the results of immersing the hands and forearms of 
SIX normal subjects in W'arm water The room temperatures varied 
between 11 4 and 21 5“ C The temperatures of the toes before the rise 
ranged from 16 9 to 28 5° C In all but the last observation the feet were 
cooled by exposing them to room air After such spontaneous cooling 
the skin temperature began to rise within 3 to IS minutes after the fore- 
arms were immersed, reaching 32° C within 7 to 29 minutes after the 
beginning of the immersion Usually 3 or 4 toes were observed in each 
subject and in every instance but one the temperature finally rose to 
values exceeding 32° C In this one excepbon after the forearms had 
been immersed for 35 minutes the temperature of one toe was 31 6 while 
the others had reached 32 1, 33 1 and 33 6° C The thermocouple later 
proved to be defective so that this exception may not be a real one The 
skin temperature of the digits alw ays rose above that level which Morton 
and Scott (3) regard as the rmnimum normal response to spinal anesthesia 
(le 31S°C) 

TABLE I 

ne zaioditatation produced tn the feet by tcanminj the arms 
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A conspicuously delayed reaction was observed m subject La (Table 
I) after the feet had been cooled by immersing them in water at 22° C 
for 22 minutes In spite of the delay the temperature finally reached 
33 8° C It IS certain that the delay in this instance was not due to any 
real abnormality of circulation since the same subject on two occasions 
reacted within the usual time (Table II) when the feet had cooled spon- 
taneously On account of this delayed response the use of a cold bath 
to reduce the temperatures of the extremities was avoided in all subse- 
quent observations 


TABLE n 

Effect of clothing on time of rise in skw temperature 
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The time elapsing between immersion of the forearms m warm water 
and the appearance of vasodilatation in the feet is probably affected by a 
number of factors, some of which are not easy to evaluate A few of the 
more likely factors have been investigated Lewis and Pickering (7) have 
already shown that the time interval bet^veen warming the body and the 
rise of temperature of the fingers “is influenced by the initial temperature 
of the extremities, being delayed by coldness ” Similar results have been 
observed m the temperature changes produced by vasodilatation in the 
feet (Table I, subject B ) As the initial temperatures of the extremities 
will vary widely in different observations, it is doubtful whether any 
sigmficance can be attached to the variations in the time elapsing between 
immersion and the beginning of the temperature nse in tlie other ex- 
tremities 

The observations upon normal subjects have been carried out at both 
high and low room temperatures The temperature of the room air alone 
appears to have little influence upon the time at which vasodilatation 
begms (Table I) Thus on one occasion with the room temperature be- 
tween 11 and 12° C the temperature of the toe (initially 19 0° C ) began 
to nse 5 minutes after immersion of the arms, and was above 32° C in 11 
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minutes The subject on this occasion w’as warmly clad Another 
subject, at a room temperature of 20 0° C , did not show the response 
until 12 to 14 minutes after the forearms were immersed 

As this type of vasodilatation apparently results from warming the 
body, it was thought that the clothing of the subject might influence the 
time relations of the response, and that in a lightly clad subject exposed to 
a very low room temperature the response might be delayed or even ab- 
sent Two observations were earned out with subjects clad only in 
short trunks and sleeveless cotton jersey at room temperatures of 19 S to 
20° C and 16° C respectit ely In both instances after the forearms w ere 
immersed in warm water the temperatures of the toes began to nse at the 
usual time and reached 32° C within 22 minutes (Table II) The ob- 
servations were then repeated under similar conditions with the excep- 
tion that while the arms were immersed in hot water the subject was 
enveloped from neck to ankles in two heavy blankets In one subject 
(G ) the temperature of the toes rose more promptly while in the other 
subject (La ) the response appeared later (Table II) Thus the manner 
in which the subject is clad does not appear to exert any conspicuous 
effect upon the response at room temperatures of 20 and 16° C. 

3 The mechanism hy winch warimng one forearm produces vasodilatation 
in the opposite hand 

There are two possible mechanisms by which this type of vasodilata- 
tion may be initiated The response may be due to sensory impulses 
from the limbs immersed m hot water, or it may be due to the heat earned 
into the body by the venous blood, returning from the warmed limbs 
Pickenng (9) has already shown that the central mechanism controlling 
vasomotor tone in the extremities is affected by changes in body tempera- 
ture amounting to less than 0 1° C 

In 1911, G N Stewart (10) reported certain calonmetnc studies on 
the rate of blood flow in the hands He found in two experiments on 
normal subjects that immersing one hand m warm water increased the 
blood flow through the opposite hand In one instance a measurable 
increase in blood flow was observed two minutes, and in the other five 
minutes, after the opposite hand was immersed in warm water (43° C ) 
In the first observation the temperature of the water m the calonmeter 
was 30° C and m the second 24° C Stewart (10) regarded the phenom- 
enon as “ reflex vasomotor excitation," and attnbuted a part of die delay 
in the response to the fact that any change in the temperature of the 
water in the calonmeter must necessanly ‘Tag somewhat behind the 
corresponding change in blood flow ’’ 

In our observations the time elapsmg between immersion of the limbs 
in hot ivater and the rise of temperature in the other hmbs amounted to 
between 5 and 15 minutes This delay in the appearance of the response 
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suggests that this type of vasodilatation is not due to a simple nervous 
reflex The general feeling of warmth which precedes the nse in digital 
skin temperature, and the generalized perspiration, suggest, moreover, 
that the vasodilatation results from an increase m body warmth 

More conclusive evidence that in our observations vasodilatation was 
not produced by afferent nerve impulses but was dependent upon the 
flow of blood through the limbs immersed in hot water was obtained in the 
following manner One hand was exposed to an air temperature of 18 5 
to 20 0° C A pneumatic cuff was wrapped about the opposite upper arm 
and inflated suddenly from a reservoir to a pressure well above the systolic 
level The forearm, with the circulation cut off, was immersed in warm 
water (42 5 to 44 6° C ) and the temperatures of the fingers of the oppo- 
site hand were recorded every minute After IS minutes the blood 
vessels of the warmed forearm were released for a period of two minutes, 
when blood flow was again stopped After a second period of occlusion 
for 10 minutes the circulation was released again for one minute and then 
occluded once more for a final period of 10 minutes The arm was kept 
in the bath until the customary response in the fingers of the opposite 
hand had occurred (Figure 5) This procedure was carried out in two 



MINUTES 

Fig S Showing the Delayed Vasodilator Response Produced by 
Occluding Circulation in the Immersed Forearm (Right) 

L2, left second finger, lA, left fourth finger, R T , room temperature 

observations, while in the third the occlusion was divided into two periods 
of 20 minutes and 15 minutes, with an interval of 3 minutes during which 
the circulation was released Thus m all three observations the circula- 
tion to the arm in the bath was completely occluded for a total period of 
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35 minutes In all three expenmcnts the temperature of the fingers of 
the opposite hand failed to nse until some minutes after the circulation 
had been finally reestablished in the immersed forearm 

The results of these three observations are summanred in Table III 
(o), for companson with the results of si\ control observations m Table 
III (6) When the blood vessels of the arm in the bath were occluded for 
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35 imnutes the temperature response in the opposite hand never began 
before the forty second minute In the six control observations, in which 
one forearm was immersed without occlusion, the longest penod before 
the temperature response began was only 10 minutes Cutting off the 
circulabon m the immersed forearm, therefore, conspicuously delayed the 
appearance of vasodilatation m the opposite hand This effect cannot be 
attributed to interference with the function of the sensory nerves of the 
immersed limb It is obvious that the only afferent nerves which could 
possibly be mvolved are those concerned with the perception of warmth 
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When the circulation is occluded a bath temperature of 43 0 to 43 5° C 
produces an almost intolerable sensation of heat In addition, heat sen- 
sation was tested at frequent intervals by pouring a small amount of water 
at a temperature of 47 to 48° C into the bath near the fingers and fore- 
arm This water, even though mixed with the water in the bath, invaria- 
bly felt disagreeably hot to the subject According to this test, heat 
sensation was present and very slightly or not at all diminished through- 
out the entire period of occlusion This agrees with the work of Lewis, 
Pickenng, and Rothschild (11), who reported that heat sensation is still 
acute after the circulation of the forearms (at 30° C ) has been occluded 
for 35 minutes without interruption 

The delayed response accompanying occlusion of the circulation, 
therefore, presents strong evidence against the hypothesis that this type of 
vasodilatation results from afferent nerve impulses originating in the 
immersed limb It seems clear that the vasodilator response depends on 
the return of warmed blood from the immersed extremity ' Rectal tem- 
perature was measured thermo-electrically on three occasions in order to 
learn whether vasodilatation m the extremities was associated with large 
changes m body temperature In observation 4 (Figure 2) the rectal 
temperature fell very slightly during the preliminary control period, when 
the subject felt definitely chilly, and rose again slightly, shortly after the 
legs had been immersed m hot water The rise m rectal temperature 
followed the appearance of subjective sensations of warmth On another 
occasion the changes observed were similar m direction but of slightly 
greater magnitude (0 6° C ) In a third observation the greatest vana- 
tion observed was 0 1° C Since this type of vasodilatation is dependent 
upon the return of warmed blood from tlie immersed extremity, it follow s 
that the central nervous mechanism, which responds to ivarming of the 
body by diminishing vasoconstrictor tone in the extremities, is sensitive 
to very small changes m body temperature, otherwise, the rise in rectal 
temperature would have been greater 

The effector mechanism of the vasodilator response to w'arming 
the body has already been studied by Lewis and Pickering (7), w'ho 
showed that the response is absent m the sympathectomized extrermty 
They concluded that the effector mechanism lies purely m the sympathetic 
nerves to the limb and is not antidromic 


* More recently this point was tested further in a patient with paraplegia due to 
transverse myelitis Pam and temperature sensations were lost anteriorly below the level 
of the seventh dorsal segment and postenorly below the level of the tenth dorsal segment 
The anesthetic legs were immersed in warm water at a temperature of 43° C Twelve 
minutes later the subject felt warm and began to perspire The temperatures of the 
fingers, originally 23 3 to 23 6° C , began to nse fifteen minutes after the legs were im- 
mersed, exceeding 32° C by the twenty-fifth minute after immersion In this instance, 
the vasodilatation m the fingers occurred without sensation of warmth in the immersed 
extremities This provides additional evidence that the type of vasodilatation here de- 
scribed 18 due to the return of warmed blood from the immersed limbs 
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CLINICAL STUDIES 

In ten observations on the spontaneously cool lower extremities of six 
normal subjects the digital skin temperature began to nse within 15 
minutes after the forearms were immersed m warm water The skin 
temperature in all but one of these observations exceeded 32 0° C by the 
29th minute The amount of vasodilatation produced by this relatively 
simple procedure is apparently as great as the vasodilatation produced 
by spinal anesthesia or nerve block The method was used, therefore, 
in studying a senes of patients with dinical evidence of inadequate circu- 
lation in the lower extremities 

Room temperature was usually kept between 18° C and 20° C The 
lowm" extremities were permitted to cool spontaneously and then the 
forearms were immersed in w arm wrater for 35 minutes, a penod definitely 
longer than that rcqmred for a complete response in normal subjects 
Abnormal findings were checked by other methods of examination The 
followang cases exemplify the clinical usefulness of this simple procedure, 
when it IS necessary to distinguish between organic occlusion and spasm 
of the peripheral blood vessels in the lower extremities 

Case 1 B S , an Austnan Hebrew male, aged 58, complained of pain 
and swelling in the right lower leg, accompanied by symptoms of intermittent 
claudication in the nght calf The symptoms had begun 8 months pnor to 
examination and had grown progressively worse At mght the right foot 
habitually became cold and painful even though protected by blankets or a 
warmed cradle No history of migratory phlebitis could be ehated The 
patient smoked about 10 agarettes per day 

On examination the systolic blood pressure was 155 and the diastolic 90, 
the brachial and radial artencs were moderately sclerotic. The left foot was 
normal in appearance while the right foot showed marked rubor and, when 
dependent, defimte cyanosis of the sole and of the distal phalanges of the toes 
The distal portion of the foot blanched conspicuously when eletated and the 
return of color was delayed No pulsation could be felt in the dorsalis pedis 
or the postenor tibial artencs of either foot X ray examination revealed a 
moderate and equal grade of calafication of the artenes of both feet and 
both lower legs There was marked osteoporosis of all the bones of the nght 
foot. 

The patient's feet were exposed to room air at a temperature of 18 to 19° C 
He was clothed in a shirt, heavy underwear and trousers The lower ex- 
tremities were exposed as far as the knees The temperatures of the nght 
and left great toes were fairly constant dunng the control penod of 30 minutes 
(Figure 6, lower chart) 

Immersing the arms in water at 44 5 to 45 0° C for 35 minutes caused the 
temperature of the left great toe to nse slowly to a maximum of 27 7° C but 
the temperature of the nght great toe did not change. These abnormal 
responses suggested the presence of shght organic obstruction to arculabon 
in the left foot, and marked orgamc obstruction in the nght foot. 

The changes in skin temperature dunng spinal anesthesia confirmed these 
findings (Figure 6, upper chart) The patient, clad in hospital shirt and 
covered by a sheet, lay on a bed with the legs and feet exposed Thermal 
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junctions were fixed to the nght and left great toes, close to the bases of the 
nails, and skin temperatures were recorded for a preliminary penod of 20 
minutes The room temperature varied between 18 and 19° C Fifty mgm 
of neocaine dissolved in spinal fluid were injected into the spinal canal between 



MINUTES 

Fig 6 Upper Showing Changes in Skin Temperature of the Left 
First (LI) and Right First (Rl) Toes After Spinal Anesthesia in a 
Patient with Arteriosclerosis 

A Fifty mgm neocaine injected into the spinal canal between 4th and Sth 
lumbar vertebrae B Fifty mgm neocaine injected into the spinal canal 
between 3d and 4th lumbar vertebrae R T , room temperature 

Lower Showing Changes in Skin Temperature of Same Toes During 
Immersion of Forearms in Warm Water 

the third and fourth lumbar vertebrae The penneum became anesthetic, 
but sensation in the legs remained normal At the 69th minute another 
SO mgm of neocaine was injected into the spinal canal between the second and 
third lumbar vertebrae and thoroughly mixed with spinal fluid By the 85th 
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minute the feet, legs and thighs were completely anesthetic. Subsequently, 
the temperature of the left first toe rose slowly and steadily to 27 4“ C while 
the temperature of the right first toe did not change The graphs in Figure 6 
show that immersing the arms in warm water and spinal anesthesia affected 
the skin temperature similarly In the left great toe the maximum tempera- 
ture and the rate of the rise a ere similar in both procedures The temperature 
of the right great toe did not change significantly in either case 

The surface temperature changes in this case indicate a high grade of 
organic obliteration in the blood tcsscls of the nght foot, with mixed spasm 
and a mild grade of organic obliteration in the blood vessels of the left foot. 
The obliterative changes were probably due to arteriosclerosis but the patient 
was one of those in whom thrombo-angiitis obliterans could not be defimtely 
excluded by clinical examination 



MINUTEB 

Fig 7 Showing Skin Temperaturb of the Right Third (R3) and 
Lett Third and Fourth (L3, IA) Toes, While the Forearms were Im 
UERSED IN Warm Water 

R T , room temperature The patient had advanced thrombo-angiibs 
obliterans involving both feet. 

Case S N ,* a white male, aged 26, was admitted to the University 
Hospital on December 2, 1931, with a chief complaint of pain m the lower 
extremities For two years the patient had suffered to an increasing degree 
from generalised pain in the lower legs intermittent claudication had been 
present for eight months pnor to admission Discolored areas were first 
observed on the great toes about mne weeks before admission The patient 
smoked approximately 20 agarettes per day 

On examination his blood pressure was normal, there was no evidence of 
arteriosclerosis nor of diabetes The skin of both feet showed purplish red 
discoloration with a spot of dry gangrene about 4 cm in diameter on the 
mesial surface of each great toe. X ray examination revealed no calafication 
of the vessels of the legs The bones of the left foot and the lower end of the 
left tibia were considerably rarefied The vasomotor index, determined by 


*We wish to express our indebtedness to Dr George P Moller for his 
kindness in permitting us to include this case and to Dr Lee Rademaker for 
the results of the vasomotor index test 
68 
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Dr Lee Rademaker, was zero for both feet The patient improved somewhat 
under conEer\mti-\ e treatment and Wcis discharged December 9, 1931, with a 
diagnosis of thrombo-angiitis obliterans affecting both lower extremities 

He was readmitted to the Hospital on March 19, 1932, with more extensive 
gangrene of both great toes At this time it w'as necessary to remove the 
terminal phalanx of the left great toe and the entire nght great toe 

The vasodilator response in the lover extremities was tested several days 
after operation The patient vas seated in bed with the feet exposed to an 
air temperature of 17 0° C Small gauze dressings covered the sites of ampu- 
tation The four lateral toes of each foot were cyanosed and both feet vere 
cold as far as the ankles Thermal junctions were fixed to the dorsal surfaces 
of the distal phalanges of the nght third and the left third and fourth toes 
As shown in Figure 7 the skin temperature, originally about 24 to 25° C 
gradually fell, dunng the course of 40 minutes, to between 20 and 23° C 

The forearms were then immersed in water baths (44 to 45° C) for 35 
minutes Perspiration appeared on the patient’s forehead four minutes after 
the forearms were immersed As indicated in Figure 7 the surface temperature 
of the toes show'ed no nse but, on the contrary', a slow decline The test was 
repeated later wath a room temperature of 21° C and a similar result was 
obtained In the latter obser\ation the digital temperatures ranged from 
25 0 to 26 2° C before immersion of the forearms and from 24 0 to 25 4° C 
at the end of the penod of immersion 

The history and physical findings are typical of thrombo-angiitis obliterans 
Immersing the forearms in warm water produced no change in the skin temper- 
ature of the toes This indicates the presence of a \ er> sc\ ere grade of organic 
occlusion of the vessels of both feet, — a finding which is in agreement with the 
results of the vasomotor index test 

Case S R, a white female, aged 24, complained of pain in all four ex- 
tremities It had occurred dunng the preMous 7 or 8 \cars, gencrallv when 
the patient was fatigued, and was more severe in the lower extremities There 
was no history of intermittent claudication, and the pain had no direct relation 
to exerase It w'as desenbed as a dull ache, and occurred as readil> in a 
w'arm room as in a cold one The patient had never noticed blue fingers or 
toes, but numbness was often expenenced The pain was not typical of an> 
of the usually desenbed vascular disorders She had ne\er had frost bite 
or chilblains 

On examination maw arm room (22° C ) the toes w ere definitely cold, 
but only slightly, if at all, cyanotic Neither the dorsalis pedis nor the posterior 
tibial artenes could be palpated in ather foot This was probably due to 
brawmy edema of the ankles and dorsa of both feet The edema did not pit 
on pressure but according to the patient, it increased dunng the day and 
disappeared dunng the night Both radial and ulnar pulses were normal, 
the systolic blood pressure was 118 and the diastolic, 88 The patient was 
examined in order to deade whether there w’as any structural abnormality 
impeding blood flow in the low^er extremities 

Immersing the feet for 20 minutes in a bath at 15° C failed to produce 
the spasm typical of Raynaud’s disease The feet were then dned and exposed 
to the room air at a temperature of 21 to 22° C Thirty minutes later both 
forearms were immersed in w^ater at a temperature of 44° C Eleven minutes 
after the forearms were immersed the surface temperatures of the first toes 
of both feet began to nse and 22 minutes after immersion w'ere w’ell above 32° C 
The vasodilator response in the lower extremities of this patient was 
entirely normal, despite the fact that it w'as impossible to feel pulsation in 
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the artenes of either foot. This cose report illustrates the value of the pro 
cedure in differentiating diminished blood flow arising from spasm and from 
structural disease of the blood \csscls 

DISCUSSION 

The method which has just been described has certain advantages 
oter the more complicated procedures by which vasodilatation may be 
produced The test can be earned out wnth equal facility in patients 
whether ambulatory or in bed It has been found particularly useful in 
those cases in which the use of spinal or general anesthesia was contrain- 
dicated 

There are two conditions, however, in which vascular spasm depends 
to a certain extent on the direct local elTecls exerted on the peripheral 
blood \essels by cold Lewis (5) has shown that the artenal spasm of 
Raynaud’s disease may be induced by cold even when vasoconstnetor 
impulses are removed by nerve block or by sympathebc ganglionectomy 
In patients showing typical acrocyanosis arteriolar spasm is apparently 
mduced similarly by cold (Lewis and Landis (12)) It is conceivable 
that in these tw-o conditions the mere removal of vasoconstnetor impulses 
to the cooled extremity might not relax a vascular spasm stimulated by 
local cold Scott and Morton (6) have stated that in certain cases of 
Raynaud's disease blocking the postenor tibial nerve produced only de- 
layed or partial elevation of skin tempierature In two cases of acro- 
cyanosis of the feet we found that immersing the forearms m warm water 
may fail to relax the artenolar spasm in the lower extremities though the 
response, when it occurs, is normal in type A full descnption of these 
patients will be published later Lewns and Pickenng (7) found also in 
one case of acrocyanosis of the hands that warming the body produced a 
response which, once initiated, was of the normal type 

The vasodilator response in the lower extremities produced by im- 
mersing the forearms in warm water (43 to 45° C ) for 35 minutes has, 
except in acrocyanosis, been practically identical wth vasodilatation 
produced by other procedures such as spinal anesthesia, nerve block, or 
the mjeebon of typhoid vaceme If the digital temperature nses above 
32° C organic occlusion of the blood vessels is definitely excluded If 
the digital temperature fails to rise, or rising fails to reach 32° C , the 
presence of organic obstruction is indicated, but this conclusion should 
probably be verified by some other method of examination The sun- 
pliaty of the test favors its use as a preliminary procedure in the study 
of cases showing chmeal evidence of penpheral vascular disease 

SUMMARY 

1 In normal subjects immersing the forearms in warm water (43 to 
45° C ) produces vasodilatation in the lower extrenuties In ten obser- 
vations on the spontaneously cool extremities of six normal subjects the 
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nse in digital skin temperature began within 15 minutes after immersing 
the forearms in water The skin temperature m all but one of these 
observations exceeded 32° C by the twenty-ninth minute 

2 The immersion of one forearm or one leg in warm water produces 
vasodilatation in the other extremities 

3 This type of vasodilatation apparently depends upon the return 
of warmed blood from the immersed extremity 

4 The rise m rectal temperature produced by immersing two limbs 
in warm water ranged in three experiments from 0 1° C to 0 6° C 

5 Three cases illustrating vasodilator responses in certain types of 
vascular disorders of the extremities are reported With this method of 
producing vasodilatation, if the digital temperature rises above 32° C 
organic occlusion of the vessels supplying the extremity may be excluded 
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The operations, tonsillectomy, adenoidectomy, and tooth extraction, 
are among the most practised therapeutic procedures m Bright’s disease 
Whether patients suffenng from Bnght’s disease are able, unthout detn- 
ment to their kidneys, to undergo such operations, and whether the oper- 
ations are likely to affect the subsequent course of the renal disease, are 
questions which form the object of the present analysis of results It is 
based on data from the records of the nephritic clinic of the Hospital of 
the Rockefeller Institute collected over a penod of several years 

Tonsillectomies and adenoidectomies were all performed by Dr 
Stuart Craig under gas-oxygen-cthcr anesthesia, and extractions of teeth 
by Dr Frank Wynn using procaine anesthesia The patients were under 
the immediate care of Drs MacKay, Johnston, McIntosh, Moore, Kirk, 
and Alving 

The cases are classified according to the modification of Volhard and 
Fahr’s classification made by Addis, as descnbed in a previous monograph 
from this hospital (81 

DATA OBSERVED 

The "blood urea clearance,” indicating the cubic centimeters of blood 
per minute cleared of urea by renal excretion, has been shown by Van 
Slyke, McIntosh, Mbller, Hannon, and Johnston (7) to be a sensitive 
indicator of changes m renal function The urea clearance tests were con- 
ducted as proposed by MOller, McIntosh and Van Slyke (2) with the pa- 
tient at rest in bed It is important to stress the latter pomt because 
Van Slyke, Alving and Rose (6) have shown that the clearance in some of 
the more advanced cases may be significantly reduced by allowing the 
patient to walk about dunng the two-hour period of the test. We have 
recorded the results m percentages of the average normal clearance 

Phenolsulphonphthalem excretion tests were also conducted at the 
same time as the urea clearance 

Under "duration of disease” the time is given from apparent onset 
until operation was performed 

Edema, blood pressure, and eye ground exammation were usually 
recorded withm a reasonably short period of operation We have made 
no effort to call attention to the detail of the eye ground exammation, 
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and where we record negative we mean that no gross change, such as 
hemorrhage and edema, is present 

Hemoglobin is given in terms of oxygen capacity (20 7 volumes per 
cent being normal for adult men, 19 0 for women) (4) 

The normal value for total plasma protein is about 7 per cent When 
total protein falls below 5 2 to 5 8 per cent, or the albumin, normally 
averaging 4 3 per cent, falls below 2 3 to 2 7 per cent, edema is usually 
present (3) 

The Addis sediment test gives the number of red blood cells and casts 
in a twelve hour specimen collected after a period of twelve hours in which 
the patient is on a dry diet (1) In many cases it has not been possible 
immediately after surgical operation to perform this test for obvious 
reasons Protein in the urine is recorded for 24 hours, as determined 
by the sedimentation method of Shevky and Stafford (5) 

Histones of three cases in winch renal function diminished after 

operation 

In the series of 31 cases there were 3 in which a marked fall in blood 
urea clearance followed operation The histones of these 3 cases are given 
below In one of them (No 1), already in the terminal stage of renal 
disease and rapidly progressing, the urea clearance fell permanently after 
operation, which apparently accelerated the fatal course of the disease 
In the other two patients the diminution of renal function after operation 
was temporary, and it does not appear that the progress of the disease u as 
accelerated 

The first patient (No 1) discovered that he had albuminuria and hematuna 
dunng the course of an insurance examination in Juno 1928 On his admission 
December 1928, he was edematous, had lost weight, and the blood pressure 
measured 166/86 Large quantities of albumin, many casts, and red blood 
cells were found in the unne The course in the hospital was progressn ely 
down hill, terminating in convulsions and death Features of interest during 
the course of the disease were, venous thrombosis in the popliteal fossa (Decem- 
ber 19), marked increase in the formed elements in the unne following slight 
upper respiratory infection (March 15), gross hematuria resultant from a 
streptococac pharyngitis (April 19), and right bundle branch block on June 9 
The urea clearance on admission was 27 per cent of normal and fell progressively 
to 16 per cent on May 8 On May 11, tonsillectomy and adenoidcctomy w’ere 
performed under gas-oxygen-ether No gross hematuria w'as noted after the 
operation On May 23, the patient had still not recovered from the operation 
He vomited frequently, and was weak, drowsy, and dehydrated Complete 
suppression of unne occurred from 6 p m on May 23, until he was cathetenzed 
at 8 p m on May 26 The cathetenzed specimen contained no acetone or 
acetoacetic aad, and the speafic gravity was 1 017 The plasma pH w'as 7 31, 
COs content 20 58 mM per liter and chloride 72 1 mM per liter on May 27 
It was not until June 16, that the patient was again bnght and cheerful At 
that time it was found that the clearance had fallen to 2 4 per cent of normal 
Death occurred in uremia on July 2nd 
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In this case in spite of difficulty of interpretation due to the rapidly 
progressive and virulent qualities of the disease it would appear that operation 
speeded the course 

The second patient (No 2) suffered from hemorrhagic Bright’s disease in 
the terminal stage The disease was progressive and caused a rapid loss of 
kidney function The patient was continually beset with complications such 
as abscesses, sties, conjunctivitis, edema and tonsillitis His temperature was 
slightly elevated, his appetite poor, and he had vomited a number of times 
on previous days In spite of the adverse condition of the patient, the tonsils 
were considered so badly infected that their removal was indicated Following 
operation his temperature rose to 101 6°, nausea persisted The ninth day 
after operation the clearance had fallen to 10 per cent of normal The patient 
recovered satisfactorily from the operation but directly following the tonsillec- 
tomy the patient seemed to be on the verge of uremia 

The third patient (No 3) had Bright’s disease with a marked nephrotic 
tendency On November 17, one tooth was extracted which proved to be 
normal There was no fever directly following the operation, although there 
had been fever for the three previous days However, for the first time since 
admission red blood cells in pathological quantities were found in the unne 
sediment On November 19, the tooth socket seemed in good condition but 
the tonsils were swollen and pharyngitis was present There was a moderate 
decrease in the unne output, but this decrease had begun three days before 
the extraction A marked fall in the urea clearance occurred This would 
be a rather convinang indication of the eflcct of the operation on the ability 
of the kidney to excrete urea had not a vciy' similar episode occurred a month 
later (January 6 to January 15) when no operative procedure vas employed 
Ohguna, hematuria and general prostration were evident After recovery 
from this incident the clearance rose sharply to 95 per cent on January 27, but 
fell again to 21 per cent on February 3 From this period his clearance fluc- 
tuated markedly and usually without any apparent reason He seemed pecu- 
liarly susceptible to upper respiratory infections On August 20, of the fol- 
lowing yean, tonsillectomy and adenoidectomy W'crc performed without effect 
on the kidney function and the excretion of red blood cells The patient 
recovered rapidly from the operation 

DISCUSSION 

Except for the three cases which are discussed in detail above, the 
operations on 31 nephritic patients caused no significant fall or rise in the 
kidney function as measured either by the urea clearance or phenolsul- 
phonphthalem excretion 

Of the 28 cases who showed no significant renal effects after operation, 
it has not seemed necessary to report complete data The observations 
m Table II covering five of these cases, suffice to show the nature of the 
results 

The plasma proteins do not appear changed to any evident degree 
by operation, whereas hemoglobin shows a tendency to fall slightly 
Whether the latter is due to the loss of blood at the operation, or is to be 
credited to the natural progress of the disease is not certain Urinary 
protein is not significantly altered In some cases an increase in hema- 
turia has been noted following operation, m some no change, and in still 
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Others a reduction is found Casts are equally erratic in their appearance 
In all respects the effects appear to have been transient, and to have 
disappeared from a few days to a fortnight after the operation 

The data on the 31 cases discussed above do not cover penods suffi- 
ciently long after operation to bear on the effect of the opcrabons on the 
ultimate course of the disease However, the charts published in a 
pre^^ous monograph from this hospital (8) do appear to provide -some 
basis for an opinion on this question Of the 50 cases of acute and chronic 
hemorrhagic renal disease there reported, seventeen (Numbers 1, 3, 4, 
7, 10, 12, 13, 17, 18, 25, 26, 27, 29, 31, 33, 36, 48) were subjected to opera- 
tion, usually tonsillectomy, and were observed for months or years there 
after Comparison of these charts with those of similar cases that were 
not subject to operation gives, we believe, a definite impression that the 
tonsillectomies were without effect, either favorable or unfavorable, on 
the course of the disease The natural variability of the disease makes 
It impossible to state dogmatically this conclusion We believe, however, 
that anyone who will compare the senes of charts referred to wnth charts of 
unoperated cases in the same monograph will have difficulty m finding 
evidence for any effect of the operation on the course of the renal disease 

Elxpencnce with these and other cases has led to the conclusion in this 
clinic that in nephnbe patients removal of tonsils, adenoids, and teeth are 
operations to be undertaken or not from the standpoint of the general 
hygiene of the patient, and without expectation that his renal disease will 
be benefited On the other tjand, unless the general condition is bad, it 
does not seem necessary to refuse an operation because of a someahat 
diminished renal function If the disease has been very active and the 
general condition poor, there may be danger of bnnging on uremia in the 
days following the operation But such danger seems to be remote, in 
subjects with blood urea clearances above 20 per cent of normal, if the 
general condition is not depressed by factors other than renal retention 

CONCLUSIONS 

The operations of tonsillectomy, adenoidectomy and tooth extraction 
have usually had no effect on kidney function as measured by the urea 
clearance or the phthalein excretion In 3 out of 31 cases, however, 
renal function was depressed in the days immediately after operation, and 
in one case, already terminal, uremic symptoms were brought on 

2 Red blood cells and casts m the urine were frequently increased for 
some days after operation Such increase usually occurred without any 
fall in renal function 

3 Plasma protein content and urinary protem excretion were not 
affected by these operatrons The hemoglobin content of the blood was in 
some cases somewhat decreased, perhaps as the result of loss of blood 
during the operation 
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4 The resiilts, together with more prolonged observations presented in 
a previous report (8), lead to the conclusions that removal of tonsils, 
adenoids, or teeth usually has no effect, favorable or unfavorable, on the 
progress of renal disease, but that when the general hygiene of a renal 
patient demands such an operation it is not necessary to refuse it, unless 
the renal disease is m the terminal stage (urea clearance consistently below 
20 per cent of normal), or the general condition of the patient is unfavor- 
able 
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STUDIES OF UREA EXCRETION VII 


THE EFFECTS OF POSTURE AND EXERCISE ON UREA 
EXCRETION 

By D D VAN SLYKE, A. ALVING, and W C ROSE 

(Front the Bospilal of the Rockefeller Institute for Medical Research, New York) 

(Rcc«\'ed for publication May 31, 1932) 

The studies reported m this paper were undertaken pnmanly to ascer- 
tain whether, in determining the blood urea clearance * as a measure of 
renal function, the previously utilized precaution of keeping the subject at 
rest in a recumbent position is necessary, and whether the mild exerase 
and change of posture assoaated wth walking about has suffiaent effect 
on renal activity to alter the clearance values obtained Observations in 
the tw o conditions have been made on three normal men and nineteen 
nephntic subjects w ith varying grades of renal impairment The effect of 
change of posture from lying in bed to sitting in a chaw has also been 
studied Furthermore, in three subjects with normal renal function, the 
effect was studied of exercise of the maximum seventy which could be 
maintained for the 2-hour penod 

There is evidence that renal function m many details is affected by 
mere change m posture Edel (5) in 1901 observed that change from the 
recumbent to the standing position decreased markedly the volume out- 
put of urme, and in subjects with cyclic albummuna increased the protein 
exaetion Subsequent authors (6, 9, 15, 17, 22) have confirmed this 
observation, and have found that the excretion rate, not only of ■water, 
but of most of the other normal unnary constituents, is diminished by the 
change from recumbent to standing posture Thus White, Rosen, Fischer 
and Wood (22) found that the a'verage effect in three normal men of 
changing from lying to standing posture was to diminish the hourly 
exaetions to the following proportions of the outputs m the recumbent 
position urine -volume to 30 per cent, chlondes to 45 per cent, phosphorus 
to 67 per cent, sulfur to 71 per cent, urea to 61 per cent, and creatinine 
to 91 per cent Cordero and Friedman (4) found that change from re- 
cumbent to upnght position caused an average decrease of 10 to 13 per 
cent in the proportion of mjected phenolsulfonephthalein excreted in 2 
hours by normal subjects 

‘The terms, "standard blood urea dearance” and " maximum blood urea dear 
ance ' used m expressmg the urea excreting effiaency of the kidneys have been defined 
m the second paper of this senes (12) 
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As possible causes of such effects, Erlanger and Hooker (6) and White, 
Rosen, Fischer, and Wood (22) observed that the change from recumbent 
to upnght position caused in 30 to 60 minutes a concentration of the blood 
by seepage of 10 to 11 per cent of the total plasma fluid into the leg tissues, 
and also that there was a decrease of 10 to 15 millimeters in pulse pressure 
That the unne flow is diminished because increased osmotic pressure of 
the more concentrated plasma proteins retards glomerular filtration and 
favors tubular reabsorption of water, was believed by Ni and Rehberg 
(15), while Erlanger and Hooker (6) were inclined to see the chief retard- 
ing factor m the decreased pulse pressure and the number of functioning 
glomeruli 

\Adiether the urea clearance is affected depends upon whether the 
relationship betw'een the outputs of urea and water is that allowed for in 
calculating the clearance ^^fllen the volume is below the augmentation 
limit of about 2 cc per minute, the calculation of the clearance allows for 
change of urea excretion rate m proportion to the square root of the urine 
volume, while with higher volumes urea excretion rate, estimated as the 
“maximum clearance” (11), is assumed to be independent of urine 
volume If standing up does not retard the urea output more than ac- 
cords with the above allowances for urine volume effect, the value of the 
clearance will not be affected 

In regard to this question the only data available appear to be ob- 
servations made by Addis and Drury (1) and MacKay (10) on the effects 
of vigorous exercise Addis and Drury found that in a normal subject 
the maximum blood urea clearance during an hour of continuous running 
was decreased to 70 per cent of the value observ^ed during rest hlacKay 
found that during a 2-hour tennis match the standard clearance of a 
normal man was lowered to about half its usual resting value 

In previous studies by Moller, McIntosh, and Van Slyke (12, 13) 
administration of 15 grams of urea before the observation period was 
found to have no significant influence on the clearances of either normal 
or nephritic subjects resting in bed Professor G A Harrison of St 
Bartholomew's Hospital in London has personally communicated to the 
writers some observations of blood urea clearances during successive 
hourly periods m several subjects who were up and about In some cases 
15 grams of urea were given before the day’s series of observations, while 
on other days the same subjects were observed without urea administra- 
tion It appeared from Professor Harrison’s preliminary observations 
that urea administration to subjects who were up and about might exert 
a stabilizing effect on their clearance Professor Harrison did not wish 
to pursue the question farther We have accordingly included in the 
present studies observations in which urea was given and -withheld on 
alternate expenmental days 
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METHODS 

y 

The standard blood urea clearance, C, = g- "yFc, (11, 12) was calcu- 
lated m all instances in vhich the volume of unne, corrected for surface 
area (11) was below the augmentation limit of 2 cc per minute When 
the corrected volume vas above this limit the maximum blood urea 

clearance, ^ Cm = above formulae, U repre- 

sents the unne urea concentration, B the blood urea concentration, and 
Ft the unne volume in cubic centimeters per minute, corrected for body 
size as described by McIntosh, Mbllcr, and Van Slyke (11) On the 
charts and in the tables the clearance has been recorded in percentages of 
the normal mean standard clearance of 54 cc per minute or of the normal 
mean maximum clearance of 75 cc. per minute 

The blood and urine urea concentrations were determined by the 
gasometnc urease method (19) 

All blood urea clearance tests were performed in the morning Each 
patient receiv cd at 7 a m an ordinary breakfast, unrestneted e.xcept for 
coffee, which was uniformly omitted Unne was voided at 8 .30 a m and 
the spemmen was discarded The unnes voided dunng the two 1-hour 
penods 8 30-9.30 and 9 30-10.30 were then collected separately At 
about 9 30 blood was drawn for urea determination 

WTienever feasible, observations were earned out while the subjects 
were, on alternate days, in bed and walking about, or in bed and sitting 
up Similar studies were made after urea ingestion, 15 grams of urea by 
mouth being given on the mornings of these tests 

One patient (No 19), normal except for a slight albummuna, exerased 
vigorously by walking up and down the stairs of the hospital on the day 
of the test Two normal individuals exercised by playing squash- 
racquets dunng the 2 hours of the tests 

Clinical details other than the blood urea clearance will not be given, 
because they do not appear of sigmficance to these conclusions The 
subjects represented in Figure 1 were separable with regard to renal 
condition as followrs Nos 1, 2, 3, 4, 5, 6, 7, and 10, were in the terrmnal 
stage of hemorrhagic Bnght's disease, as defined in a previous paper (21) 
Nos 9, 12, 16, 17 and 18 were in the active chronic stage of the same dis- 
ease Nos 11, and 20 were degenerative, and 13 was sclerotic. Nos 19, 
21,22, and 23 were normal young adults, except that 19 had an occasional 
slight albummuna 

RESULTS 

The urea clearance values are shown in Figure 1 In Tables 1 and 2 
the data in detail are given for the observations on one normal subject 
and on one nephntic. Subject 6 The latter case wms selected for pres- 
entation in detml because the subject, more than any other m our senes. 
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Solid line connects average clearance values taken while subjects were in 
bed Dashed hne connects average clearance values taken while subjects 
were up and about Hollow arcle indicates average of all clearances on a 
subject, solid arcle indicates average of clearances taken after administration 
of urea X mark indicates average of clearances taken during hard excrase 
Short honzontal lines indicate individual clearance values 
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TABLE 1 

Obtcrvaliom on AJI , Urmtnal hemorrhagic nephritic showing maximal effect on urea 
excretion caused by change from bid rest to moderate activity 
Case No 6 Hospital No 7SZ5 


Conditions of observation 

Date 


u 

B 

B 

Blood 

urea 

deorance 
UV 
D B 



1 IDSOSt 

tc. mHne 

mtms 

H per 
100 fc 

kWiw 

vTta 

N per 
100 u. 
blood 

Ceneen \ 
tratlon 
raiio 1 

per cent 
of normcJ 

No urea 

In bed 

November 25 

0^60 

436 

42 6 

10 2 

mmt 

given 


' 

112 

350 

42 6 

82 

BH 



November 28 

0 608 

431 

442 

98 




“ 

0 832 

407 

44.2 

9.2 

15 5 



December 9 

0J92 

404 

410 

99 

14 1 




0 896 

357 

41 0 

87 

15J 


i 

A^'c^age 

0 77 

398 

42 6 

9J 

14 9 


Up and 

No\ ember 26 

0 144 

III 

42 1 

48 

34 


about 

' 


■ a 

42 1 

96 

12 2 


i 

No\'cmbcr 29 

li-l 

274 

43 5 

63 

59 



H 

■I m| 

387 

43.5 

89 

10 4 



December 10 

0126 

272 

410 

66 

44 




0J20 

417 

410 

10 2 

10 7 


1 

Average 

0 29 

326 

42 2 

D 

78 

15 grams 

In bed 1 

December 16 

mm 


55 1 

60 

13.5 

urea by 



■m 


55 1 

65 

12 8 

mouth 


December 18 

1^0 

444 

72 8 

61 

13 8 

before 


1 

195 

381 

72 8 

52 

13.5 

each test 


January 13 

0 895 

471 

82 6 

57 

10 0 




0 943 

451 

82 6 

55 

98 

1 


Average 

IJl 

406 

70 2 

58 

12 2 


Up and 

December 17 

0 416 

534 

63 2 

55 



about 

II 

50 704 

507 

632 

6 7 




December 19 

jo 880 

526 

72 2 

68 




1 

0 768 

556 

72 2 

68 




January 1 14 
“ 1 

0 480} 

545 

92 1 

4 1 




0 416 ! 

546 1 

1 

92 1 

38 

7 1 



Average 1 

0 611 

536 

75 8 

7.2 

10 4 


shows the depressing effect on urea excretion as the result of changing 
from bed rest to walking about 

The effect of mild phyncai aclvotly on the blood urea clearance 
In normal subjects, and tn nephritic patients with relatively slight func- 
tional impairment (over SO per cent of normal clearance) (Subjects 13 to 
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23), being up and about caused no significant change in the urea clearance 
from the values observed when the subjects were in bed before and during 
the excretory periods In some cases the average clearance obtained 
when the subjects were up and about was lower, m others higher, than 
when in bed As shown by the data of Table 2, given in full for a normal 


TABLE 2 

Observations on A A , Normal subject, No 22 


Conditions of observation 

Date 

Vcor 

V 

B 

U 

B 

Blood 

urea 

clearance 
U^V UV 

B B 





mcms 

rngms 






tc urine 

urea 

urea 

Concen- 




tost 

per 

N per 

N per 

tralion 





minute 

100 ce. 

100 cc 

ratio 






urine 

btood 



No urea 

In bed 

January 6 

2 61 

533 

US 


119 

given 


(< 

4 09 







January 13 

1 23 

871 


48 

98 



<< 

2 30 

289 

WM 


(48)* 



January 23 

1 22 

879 

WSi 

52 

107 



II 

1 53 

722 

mam 

43 

99 



February 10 

1 52 

572 

Warn 

42 

95 



II 

2 72 

425 

mam 


112 



February 12 

II 

1 58 

747 

Wmm 

45 

104 



1 85 

687 

la 

41 

104 



Average 

2 07 

603 

16 2 

45 

105 


Up and 

January 7 

0 979 

752 

15 8 

48 

87 


about 

II 

1 03 

681 

15 8 

43 

81 



January 14 

0 710 

1148 

18 9 

61 

95 



II 

0 896 

1148 

18 9 

61 

106 



January 22 

1 23 

837 

22 3 

38 

77 



II 

1 20 

775 

22 3 

35 

71 



January 30 

0 957 

853 

15 7 

54 

106 



II 

0 833 

761 

15 7 

49 

100 



February 3 

0 458 

964 

16 5 

59 

74 



41 

0 537 

896 

16 5 

55 

74 



Average 

0 880 

882 

17 8 

50 

84 


Vigorous 

January 8 

0 576 


16 3 

58 

82 


exercise 

II 

0 945 


16 3 

54 

97 



January 15 

0 803 


19 6 

47 

78 



II 

0 831 


19 6 

49 

83 



January 31 

0 437 

1101 

15 5 

71 

87 



II 

0 453 

1098 

15 5 

71 

88 



March 28 

0 265 

1044 

18 1 

58 

56 




0 365 

1155 

18 1 

64 

71 



March 29 

0 349 

557 

16 4 

34 

37 



II 

0 409 

603 

16 4 

37 

44 



Average 

0 544 

926 

17 2 

54 

72 
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During approximately half of another senes of clearance tests each 
sub 3 ect sat in a chair The other clearances of the series were taken with 
the subjects in bed The results are shown in Figure 2 They indicate 
no demonstrable effect of this change of posture on the clearance 



Fig 2 


Solid line connects average clearance values taken while subjects were m 
bed Dashed line connects average clearance values taken while subjects 
were sitting Short horizontal lines indicate individual clearance values 
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compared together, while the two sets taken after urea administration 
form another group comparable among themselves because of approx- 
imate constancy of the blood urea content) Moller, McIntosh, and 
Van Slyke (12) found a similar behavior in nephntics of all grades of 
severity when the subjects were tested during rest in bed The concen- 
trations of urea in the unne compared with the concentrations in the blood 
were much smaller in advanced nephritis than in normal subjects, but the 
variation with urine volume in a given subject was of the same nature 

In nephritic subjects Nos 6, 9, 12, however, who show marked fall 
in blood urea clearance caused by leaving bed and walking about, this 
inverse relationship between urine volume and concentration fails to hold 
In No 6 (Table 1), who shows, of the subjects reported in this paper, the 
most depression of clearance caused by leaving bed and walking about, 
there is m the first two sets of data, taken without urea administration, 
no inverse relationship at all The urine volume, in the observations 
made when this subject was up and about averages only 40 per cent as 
great as the volume when he was m bed, but the urea concentration in the 
smaller volume, when the patient was up, averages actually somewhat 
less than in the larger volumes excreted in bed It is this failure, partial 
or complete, to increase normally the urea concentration in the smaller 
volumes of unne passed while up and about, that causes the clearance to 
be markedly depressed by the latter condition in three of the nineteen 
nephntics studied The depression, although evident only in nephritic 
cases with less than 50 per cent of normal clearance, was not at all directly 
related to the severity of renal impairment In some of the most ad- 
vanced cases being up and about depressed the clearance but little 

SUMMARY 

In normal subjects, or m nephntics with more than 50 per cent of 
normal renal function measured by the blood urea clearance, the clearance 
has not been found to be essentially different, whether the subjects were 
kept in bed during the 2-hour observation periods or were walking about 
Unne volume was uniformly less while the subjects were up and about, 
but the effect m depressing virea excretion was about that allowed for in 
the formulae for calculating the standard and maximum clearances, so 
that the values of the latter were not markedly affected 

In three of the twelve nephntics observed with less than 50 per cent of 
normal renal function, measured by the blood urea clearance observed 
with the subjects m bed, rising and walking about depressed the clearance 
markedly, the mean values observed being 44, 60, and 67 per cent re- 
spectively of those observed in the same patients during bed rest 

Severe exercise taken by three subjects with normal renal function 
depressed the clearance somewhat, as found by Addis and Drury (1) and 
MacKay (10), but in only three out of twenty-two clearances determined 
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dunng heavy exertion verc tlie values definitely abnormal, i c , below 70 
per cent of the mean normal level 

Administration of 15 grams of urea before the observation penods 
did not significantlj affect the results 

It appears that in normal subjects and in nephntics with more than 
SO per cent of average normal clearance, the clearance values can be de 
termined vithout loss of accuracy while the subjects arc up and about. 
In nephritic paDents with less than SO per cent of normal clearance aalues, 
how e\ er, it is essential to keep the subject at rest in a recumbent position 
during the 2 hour c.\cretion penod, if the results arc to be compared with 
those heretofore obtained by the clearance test 
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6) have stated that in an animal with seven lumbar vertebrae the con- 
nector fibers to the sympathetic ganglia supplying the postenor extremity 
are contained in the 11th, 12th and 13th thoracic and the 1st, 2nd and 3rd 
lumbar spinal roots Since the results of the above (3) expenments did 
not coinade with their findings it seemed desirable to conduct further 
expenments to determine the effect of transection of the spinal cord at 
various levels 

METHOD 

As in the previous expenments, dogs were given sodium amytal (Lilly) 
intrapentoneally and the temperatures of the room, rectum and hmd feet 
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recorded simultaneously by means of thermocouples attached to a Leeds and 
Northrup resistance thermometer The expenmental procedure was, however, 
modified in some respects Unpublished expenments show that there is a 
correlation between body temperature and the temperature reaction of the 
extremities The body temperature was therefore maintained at normal by 
use of blankets and by means of electric heating pads when necessary Inas- 
much as many of the expenments extended over a penod of 24 hours, the 
preliminary intra-abdominal ligations of the artenes were accomplished using 
stenle technique to minimize general temperature reactions During the 
course of the expenments it was found that transection of the spinal cord at a 
given level did not always result in the same changes in temperature in the 
extremity but that the effects varied considerably in the different animals, 
apparendy under the same conditions This was most frequently found when 
the level of transection was below the first lumbar nerve root 

Other investigators (Langley, (4) Gaskell (2), Bayliss and Bradford (1)) have 
demonstrated that vasomotor fibers supplying the lower limbs leave the spinal 
cord from the eleventh thoraac to the third lumbar nerves It was therefore 
apparent that transection of the spinal cord at the lower levels would interrupt 
fewer vasomotor fibers than at the higher It would seem that failure of the 
temperature to rise or of the blood flow to increase did not nccessanly mean 
that no vasomotor fibers had been interrupted but rather that a suffiaent 
number had not been cut to result in increased blood flow It also seemed 
probable that if the femoral artery were ligated above the profunda branch, 
it would be necessary to interrupt more fibers in order to result in a nse of 
temperature of the foot than if the ligation were done below the profunda 
branch Hence in some of these expenments the ligation was earned out in 
the groin below the profunda branch The dogs were taken from stock without 
preliminary dietary standardization Preference was given to young animals 
although some of them were obviously old 

Following the fall in temperature of the foot after ligation laminectomy 
was performed at the desired level, the dura was opened, and the spinal cord 
transected When the cord was exposed the dentate ligaments at the desired 
level were cut and the cord gently lifted with a blunt hook and cut with scissors 
There was usually very little bleeding which could readily be controlled by 
cotton pledgets or by plaang a piece of muscle between the ends of the tran- 
sected cord Following this the temperature changes in the hind feet were 
noted as shown in the charts 

EXPERIMENTAL DATA 

In this group of expenments in which the spinal cord was transected 
at various levels, twenty-one dogs were used Two dogs failed to exhibit 
vasodilatation even after removal of the sympathetic chain and section 
of the sciatic nerve One of these (Experiment 146, Protocols) was an 
old animal in poor condition, during amytal anesthesia this animal 
developed a marked bronchorrhea One animal (Experiment 15) also 
failed to react both on transection of the cord and likewise following 
removal of the lumbeir sympathetic chain The femoral arteries of this 
ammal were ligated at the bifurcation resulting in a slight fall only in 
the temperature of the feet The temperature of the room was 80° F 
Inasmuch as three hours following ligation, the temperature of the feet 
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was still 94° F it is probable that vasodilatation was already present and 
that this explains the absence of change following operation Ebcpenment 
30 was also inconclusive A fall in temperature following ligation of the 
artenes took place, but no nse occurred after transections at L4 * and L2 
Following transection of the cord at TIO ‘ an increase of 7° F occurred 
in the temperature of the feet, but was not sustamed At the end of two 
hours the feet were again at room temperature Following this, removal 
of the sympathetic ganglia did not result in increase of the temperature 
of the feet 

All of the other eighteen dogs reacted well either to transection of the 
cord or removal of the sympathetic ganglia. The response obtained in 
each of the expenmen ts will be found in the protocols The terms “ Im- 
mediate” and " Delayed” refer to the time when increase in temperature 
occurred and the terms “Abrupt” and “Gradual,” to the type of curve 
It IS to be noted that vasodilatation always resulted when the cord was 
transected above the level of the second lumbar nerve root However, 
in Expenment 30 there was none at L2, m Elxpenment 27 at L3, m 
Expenmen ts 30 and 31 at L4 and m Expenment 139 at L5 In all of these 
expenmen ts except 139 the ligation was at the bifurcation In Expen- 
ment 139 the nght side was ligated at the bifurcation and the left side 
below Poupart’s ligament When it was performed below Poupart's 
ligament (i e below the profunda branch) immediate vasodilatation 
took place at the lower levels, as in Expenments 135, 136 and 140 

DISCUSSION 

The expenments reported in this paper seem to indicate that vaso- 
motor pathways can be traced satisfactonly by this method The 
results are, however, not always consistent as there are several variable 
factors which may lead to erroneous interpretation It may be well 
therefore to review some of the variables in order that the results may be 
more easily mterpreted 

The reaction of dogs to amytal anesthesia is not constant and its 
effect on the sympathetic nervous system is not well understood These 
e.xpenment8 demonstrate that some dogs under amytal anesthesia are 
no longer able to maintain normal temperature in a room of 70° F 
Certain dogs do so, how'ever, for long penods While long haired dogs 
perform this function better than short haired dogs, this is not always 
the case The important result is that dogs under amytal anesthesia 
conserve their body heat by vasoconstriction or vasodilatation, depending 
upon environmental temperature and the peculiarities of the individual 
dog Vasoconstnction as a result of low body temperature may be 
sufficient to counteract the effect of interrupting a few vasoconstrictor 

1L4 repreients fourth lumbar nerve root TIO represents tenth thoracic nerve root 
In each instance the transection was earned out immediately caudad to the root named 
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fibers When the body temperature is normal, interruption of the same 
number of vasoconstrictor fibers is made manifest by a nse in the tem- 
perature of the limb m question In spite of the obvious effect of amytal 
anesthesia on the conservation of body heat, relatively small changes 
in the reaction of the sympathetic nervous system may, nevertheless, 
be demonstrated providing body heat is artificially maintained at a normal 
level There is also considerable variation in the reaction of the vaso- 
motor system of various dogs Certain animals under standard condi- 
tions respond with marked vasoconstriction while others apparently 
under the same conditions exhibit vasodilatation In addition to 
variation m physiological response there are also anatomical vanations 
It was found that when the femoral artery was ligated above the pro- 
funda branch, the collateral circulation resulting from interruption of the 
sympathetic fibers was by way of the median sacral artery When the 
median sacral artery was ligated as well as the femoral, no rise of tem- 
perature could be produced in that limb Inasmuch as there is consider- 
able variation m the portion of the limb supplied by these arteries, the 
experiments cannot be considered identical in the anatomical sense 

Previous studies (Langley (4) (5) (6), Bayliss and Bradford (1), 
Gaskell (2)) have shown that vasomotor fibers leave the spinal cord 
from the level of the second thoracic to the third lumbar spinal nerve 
roots Various experimental methods were used in determining these 
levels In cats, Langley (5), observed the secretion of sweat in the foot 
pad as well as the color of the pad when the individual nerve roots were 
cut and stimulated Gaskell carried out extensive anatomical and 
histological studies on the nerve roots and rami communicantes of dogs 
which were essentially in agreement with the findings of Langley Bay- 
hss and Bradford using a plethysmograph recorded the changes m volume 
of the limb following stimulation of the individual nerve roots and also 
agreed with the findings of Gaskell and Langley 

The experiments recorded in the protocols demonstrate the quantita- 
tive aspects of vasodilatation depending on the number of fibers inter- 
rupted and the level of ligation as well as on the other factors enumerated 
above Transection of the spinal cord as low as the sixth lumbar nerve 
root resulted m vasodilatation of the vessels of the extremity providing 
the means for recording dilatation did not require the interruption 
of a large number of fibers In other words, a sufficient number of 
vasoconstrictor fibers leave the spinal cord below the level of the sixth 
lumbar nerve root to result in vasodilatation when these fibers are inter- 
rupted Transection of the spinal cord interrupts of course all of the 
fibers leaving the cord below this level It is probable that interruption 
or stimulation of a single nerve root containing a few fibers would not 
result therefore in sufficient vasodilatation to be recorded by the means 
used The response obtained by ligation at vanous levels indicates the 
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Fig I Experuient 29 


The femoral arteries were ligated just below the bifurcation of the aorta 
Curves show a shght rise of temperature of the left foot after transection of the 
spinal cord below L4 nerve roots Transection below T13 resulted in an im 
mediate, abrupt, sustained nse on the left, and a delayed, abrupt, sustained nse 
on the nght 



Fic II Experiment 39 

The femoral artenes were bgated just below the bifurcation of the aorta 
Transection of the spinal cord below LI nerve roots resulted m an immediate 
abrupt sustained nse of the temperature of both feet. 
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Fig III Experiment 135 

The femoral arteries were ligated below Poupart’s ligament (below pro- 
funda branch) Transection of the spinal cord below L4 nerve roots resulted 
in an immediate abrupt sustained nse of the temperature of both feet 



The curves show the difference in response to cord transection when the 
femoral artery is ligated just below the aorta on the nght and below Poupart’s 
ligament on the left 




A W OUGHTERSON, S C HARVEY AND H G RICHTER 1071 


quantitative aspfect of the methods used for recording vasodilatation, 
the limits of which have as yet not been fully detenmned Further 
work on the course of vasomotor fibers is being earned on in this 
laboratory 

SUMMARY 

1 The vasomotor effects of spinal cord transection at vanous levels 
have been studied m the dog following the ligation of the femoral artery 
at vanous levels 

2 The temperature changes in the hmd feet following ligation of the 
artenes and transection of the spmal cord are dependent on both the 
level of transection of the cord (number of vasomotor fibers interrupted) 
and the level of ligation of the artery as well as on other factors which are 
discussed 

3 If the femoral artery is ligated just below the bifurcation of the 
aorta, transection of the spmal cord above the level at which the vaso- 
motor fibers are given off to the hind limb is followed by immediate full 
vasodilatation Under the same conditions transection of the spinal 
cord below the level of the first lumbar nerve root does not always bnng 
about a vasodilatation of suffiaent degree to be recorded by the method 
used in these expenments This explains the failure to obtain vaso- 
dilatation as previously reported (3) Partial or incomplete vasoddata- 
tion may however, be observed m some ammals 

4 If the femoral artery is ligated below the profunda branch (below 
Poupart's ligament) transection of the spmal cord at lower levels will 
cause immediate full vasodilatation 

5 Using this method it was found that there is a suffiaent number of 
vasomotor fibers leaving the spmal cord below the level of the sixth lumbar 
nerve root to brmg about immediate vasodilatation when they are 
interrupted 

CONCLUSIONS 

These expenments suggest that, if the method of measunng vasodila- 
tation is capable of recordmg the changes resultmg from division of a 
small number of fibers, vasomotor fibers are found to leave the spinal 
cord at lower levels than have previously been desenbed 

PROTOCOLS 

Summary of twenty one expenments tn whwh the spmal cord was transected 

Expenment 16 Room temperature 80’ F femoral artenea ligated below 
bifurcation of the aorta spinal cord transected at level of T8 Result No 
response after transection of the cord no response after removal of the sym 
pathetic gangha Vasodilatation present at time of transection, hence no 
further response. 

Expenment 16 Room temperature 80’ F femoral artenes ligated below 
bifurcation of the aorta spinal cord transected at let cl of T5 Result There 
was an immediate abrupt sustained nsc of 14° F in both feet. 
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Experiment 19 Room temperature 82° F , femoral artenes ligated below 
bifurcation of the aorta, spinal cord transected at level of T5 Result There 
was an immediate abrupt sustained nse of 10° F in both feet 

Experiment £4 Room temperature 82° F , femoral arteries ligated below 
bifurcation of the aorta, spinal cord transected at level of LI Result There 
was an immediate gradual sustained nse of 14° F in the nght foot, and an im- 
mediate nse in the left foot from 94° to 100° F The temperature of the left 
foot had not decreased with that of the nght 

Experiment 25 Room temperature 80° F , femoral artenes ligated below 
bifurcation of the aorta, spinal cord transected at level of T12 Result A 
slightly delayed but abrupt and sustained nse of 8° F in both feet 

Experiment 26 Room temperature 77° F , femoral arteries ligated below 
bifurcation of the aorta, spinal cord transected at level of L2 Result An 
immediate abrupt sustained nse of 12° F in both feet There was also a slight 
additional nse after sympathectomy 

Experiment 27 Room temperature 77° F , femoral artenes ligated below 
bifurcation of the aorta, spinal cord transected at the level of L3 Result 
There was no change in temperature after the transection but an immediate' 
nse of 20° F after sympathectomy 

Experiment 28 Room temperature 72° F , femoral artenes ligated below 
bifurcation of the aorta, spinal cord transected at the level of L2 Result 
An immediate gradual sustained nse of 20° F in the nght foot, a delayed 
gradual slight nse in the left foot, and a rise of only 6° F in the left foot after 
sympathectomy Following ligation, the temperature of the left foot fell 
much more abruptly to room temperature 

Experiment 29 Room temperature 70° F , femoral arteries ligated below 
bifurcation of the aorta With transection of the spinal cord at L4 there was 
an immediate gradual nse of 4° F in the left foot only, with transection at L2 
there was an immediate abrupt sustained nse of 14° F in the left foot and a 
delayed gradual sustained nse of 16° F in the nght foot With transection 
at T6 there was an immediate nse of 2° F in both feet 

Experiment SO Room temperature 70° F , femoral artenes ligated below 
bifurcation of the aorta Transecting the spinal cord at the level of L4 eliated 
no response in either foot, as was also the case with transection at L2 Upon 
transecting the cord at the level of TIO there was an immediate gradual nse 
of 7° F in both feet lasting 2 hours, but again on transecting at the level of T5 
there was no response There was no response after removal of the sym- 
pathetic ganglia 

Experiment 31 Room temperature 70° F , femoral artenes ligated below 
bifurcation of the aorta Transection of the spinal cord at the level of L4 
gave no response, upon transection at the level of L2 there was an immediate 
gradual sustained rise of 10° F in the left foot and 3° F in the right foot, 
transection at the level of TIO was followed by an immediate abrupt further 
nse of 16° F in the left foot and 4° F in the right Transection at the level 
of T7 gave no response The temperature of the nght foot had been 8° F 
below that of the left before ligation and the fall of the temperature of the right 
foot to room temperature after ligation of the femoral arteries was much more 
abrupt 

j^periment 39 Room temperature 73° F , femoral artenes ligated below 
bifurcation of the aorta The spinal cord was transected at the level of LI 
There was an immediate abrupt sustained nse of 21° F in the left foot and 
16° F in the nght foot Upon transection of the cord at the level of LI on 
the left the root was cut, but on the nght the root was intact 
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Experiment Room temperature 74° F femoral artenes ligated below 
bifurcation of the aorta spinal cord transected at the level of LI Result 
Immediate abrupt sustained rise of 22° F in both feet The rectal temperature 
of this animal was 103° F at the termination of the expenment. 

Experiment 71 Room temperature 72° F femoral artenes bgated below 
Poupart’s ligament and below profunda artery spinal cord transected hemi- 
latcrally at the let el of T9 on the left and at TIO on the nght. Result Im- 
mediate abrupt sustained hemilateral nse of 18° F in the left foot, and a 
delayed abrupt sustained hemilateral nse of 18° F in the nght foot. 

Ejipenment 7S Room temperature 70° F femoral artenes bgated below 
Poupart's ligament and below profunda artery An antenor quadnlateral 
section was done at the level of TIO on the left followed by a similar procedure 
on the nght. Result There was an immediate abrupt sustained nse of 18° F 
in the left foot and a delayed gradual sustained nse of 4° F in the nght foot 
A deeper antenor quadnlateral section was then earned out at the level of 
T12 on the nght which was followed by an immediate abrupt further nse of 
10° F in the nght foot. 

Experiment ISB Room temperature 72° F femoral artenes ligated below 
Pouparts ligament and below profunda artery, spinal cord transected at the 
level of LS Result Immediate abrupt sustained nse of 22° F in both feet. 

Expenment 136 Room temperature 70° F femoral artenes ligated below 
Poupart B ligament on both aides, and the profunda artery was also bgated on 
the left spinal cord transected at level of LS Result Immediate abrupt 
sustained nse of 18° F in nght foot, and immediate gradual sustained nse of 
12° F in the left foot The ligation of the profunda artery occasioned a 
slower nse to a lower level on the left 

Expenment 1S9 Room temperature 70° F femoral artery on the nght 
bgated at the bifurcation of the aorta, and on the left below Poupart’s bgament 
spinal cord transected at the level of LS, with no response on either side, spinal 
cord transected at the level of L2 with an immediate gradual not sustained 
nse of 10° F in the left foot and 3° F in the nght foot 

Expenment 14 O Room temperature 67° F , femoral artenes bgated below 
Poupart s bgament, spinal cord transected at the level of L6 with a resultant 
immediate abrupt unsustained (Ij hours) nse of 12° F in both feet Later 
transection of the cord at the level of L3 brought no response in either foot. 
There was a nse of temperature after section of the saatic nerve of 16° F on the 
nght and 6° F on the left This dog reqmred a larger dose of amytal than usual 
Expenment I 48 Room temperature 68° F femoral artenes bgated below 
Poupart B ligament. There was no response to transection of the spinal cord 
at the level of L6, nor L3 Neither was there any response in the saatic section 
(bilaterally) This was an old dog with much bronchorrhea, and a deep 
anesthesia was obtained 
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Since the appearance in 1887 of von Schroeder’s first publication (1) 
concerning the action of xanthine diuretics there has been much debate 
regarding the mechanism by which these substances produce diuresis 
Similarly there has been considerable controversy as to the manner m 
which salyrgan and other orgamc mercury compounds increase the output 
of unne 

REVIEW OF UTEHATURE 

In the earlier work on xanthine diuresis investigators were chiefly interested 
in distinguishing between direct action on the renal cells and effects produced 
through changes in renal arculabon Von Schroeder (1) (2) concluded from 
his expenraents that the effect of caffeine and related substances upon unne 
output was independent of arculatory changes Loewi, Fletcher and Render 
son (3) held the opposite point of view They confirmed the observation, first 
made by Phillips and Bradford (4), that caffeine usually increases the volume 
of the kidney and considered this as evidence that diuresis was caused by 
dilatation of the renal blood vessels Although this observation concermng 
kidney volume dunng caffeine diuresis is generally accepted, its sigmficance has 
been questioned by Gottlieb and Magnus (5) because diuresis sometimea 
occurs without increase in kidney volume, by Brings and Mohtor (6) who con 
eluded that the increase in volume was of too short duration to be significant, 
and by Cushny (7) who pointed out that increase in kidney volume does not 
necessarily indicate vasodilatation 

It has been demonstrated by direct measurement that there is usually an 
increase in renal blood flow following the admimstration of the xanthine 
diuretics However, the evidence seems to indicate that the diuresis is inde- 
pendent of this Cushny and Lambie (8), E Schmidt (9), Ozala (10), and 
R Schmidt (11) have reported that the acceleration in rate of blood flow is of 
short duration and that diuresis may begin before the increase occurs and persist 
after the flow has returned to normal Richards and Plant (12) demonstrated 
that caffeine increased the output of the perfused rabbits kidney when the rate 
of blood flow was kept constant, and Grcmels (13) (14), working with a Starhng 
heart lung kidney preparation, obtained diuresis with caffeine, theobromine 
and theoan when increase in rate of flow was prevented by previously dilating 
the renal vessels to a maximum Miwa and Tamura (IS) found no increase 


* The major part of this work was reported at the 1931 meeting of The 
American Society for Chnical Investigation 
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in renal blood flow dunng caffeine diuresis, and Hartwich (16) observed diuresis 
in the isolated kidney of the frog perfused with Ringer’s solution, without 
increase in rate of perfusion flow Dreyer and Verney (17) have presented 
evidence that the rate of unne flow is independent of the velocity of blood flow 
These observations do not, however, dispose of the possibility that xanthine 
diuresis is related to changes in the renal vessels Richards and Schmidt (18) 
observed, during direct microscopic study of the frog’s kidney, that caffeine 
considerably increased the number of functioning glomeruli and the number of 
patent capillary loops in individual glomeruli Richards and his co-workers 
(19) (20) (21) have also presented evidence that chemical substances may 
constrict the vas efferens of the frog’s glomerulus to a greater degree than the 
vas afferens It is conceivable, as Verney and Winton (22) have pointed out, 
that caffeine increases intraglomerular pressure by dilating the afferent vessels 
to a greater extent than the efferent \ essels, this increase in glomerular capillary 
pressure not necessarily being accompanied by an increase in rate of blood 
flow dunng the whole of diuresis In support of this hypothesis Verney and 
Winton have shown, in expenments with the heart-lung-kidney preparation, 
that increase in perfusion pressure and caffeine produces the same changes in 
the composition of the unne and that caffeine in large doses regularly produces 
an increase in rate of blood flow through the kidney 

Von Schroeder, convinced that the increase in unne flow caused by the 
punne derivatives was independent of circulatory changes, attnbutcd the 
diuresis to stimulation of the renal cells to greater secretory activity Gottlieb 
and Magnus (5), Schmidt (11), Barcroft and Straub (23), Gremels (24), 
Wohlenberg (25) and others expressed similar views In support of this theory 
It has been maintained by Barcroft (23) (26) and Gremels (24) that an increase 
in oxygen consumption occurs However, Miwa and Tamura (15) and Hay- 
man and Schmidt (27) found no evidence of increased metabolism and Masuda 
(28) observed that caffeine action persisted in the presence of potassium cyanide 
Wohlenberg (25) stated that the action of weak caffeine and theophyllin 
solutions on the perfused frog’s kidney could be prevented by asphyxiation or 
narcotization of the metabolic processes occurring in the glomeruli Since 
larger doses of the diuretics were effective in spite of such asphyxiation and 
narcotization he was forced to admit the possibility of other factors such as 
increased permeability of the glomerular membrane 

Sobieranski (29) reported that indigotate stained the tubular epithelium 
less than normally dunng caffeine diuresis, and maintained that the punne 
denvatives acted by inhibiting reabsorption in the tubules This observation 
can just as readily be explained on the basis that a more rapid flow of fluid down 
the tubules afforded less opportunity for diffusion of the dye into the tubule 
cells Tashiro and Abe (30) repeated Sobieranski’s experiments and obtained 
similar results, but Teploff (31) found no evidence that theocin had any in- 
fluence upon the extent to which the cells of the renal tubules were stained by 
carmine 

Cushny (7) agreed that the punne denvatives had a direct action on the 
renal cells but suggested on the basis of his " Modern Theory" of urine secretion 
that the permeability of the capsule was increased and the resistance to filtra- 
tion thus reduced Brilhl (32) conducted experiments with collodion mem- 
branes, the pores of which were filled with albumin to simulate the capsule 
He reported a reversible increase in permeability in the presence of caffeine and 
considered this due to a change in the dispersion of the protein molecules in 
the pores 

In recent years many investigators have attributed the action of the 
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xantlune diuretics to extra renal factors Veil and Spiro (33) and ElUnger, 
Heymann and Klein (34) (35) reported that caffeine increased the capaaty 
of blood serum for ultrafiltration, and proposed that the punnes reduced the 
afiSmty of the proteins for water F^udi (36) was unable to confirm this 
observation and Meyer (37) recently reported that euphylUn increased the 
water binding power of the blood 

Asher and his pupils maintain that the xanthine diuretics act by increasing 
the permeability of the tissues the response on the part of the kidneys being 
secondary to an increase of chloride and other electrolytes in the blood stream 
This theory receives its pnnapal support from the observation made by Curtis 
(38) (39) (40) (41) that the diuretic action of euphyllin is decreased by the 
simultaneous intrapentoneal injection of isotomc or hypotomc sucrose solution, 
and 18 blocked almost completely by a similar injection of distilled water, these 
injections preventing the slight increase in plasma sodium chloride concentra 
bon which was observed in control experiments and which was considered the 
pnme factor in stimulating the kidney to greater activity Hartwich (42) 
found, on the other hand that the intrapentoneal injection of hypertomc salt 
solution which presumably withdrew water from the blood, did not prevent 
euphylhn from produang diuresis Riesen (43) reported that euphylhn 
increased the electrolyte concentration of an artificial fluid perfused through 
the intestines of the frog The observations made by Nakao (44) (45) and 
Raulston (46) are of interest but do not lend much support to the Asher theory 

It IB difficult to understand how a change in tissue permeability can increase 
the electrolyte concentration of the plasma It would be more logical to assume 
that a shift of water and salt from the tissues to the plasma occurred as the 
result of an increase in hydrogen ion concentration The fact that the xanthine 
diuretics produce diuresis when the kidneys are isolated from the other tissues 
(11) (13) (16) (22) makes such an assumption unnecessary Bflchler (47) 
conceded that the “specific diuretics” had a direct renal action since diuresis 
occurred in the isolated kidney of the frog, but concluded that this renal action 
played an insigmficant r61e because the amount of diuretic necessary to produce 
the effect was large and the resulting increase in unne output was small 

Meyer s report (37) that the colloid osmotic pressure of the blood is in 
creased after the intravenous injection of euphylhn has been referred to above 
He also expressed the opimon that euphylhn had both a renal and an extra- 
renal action Mohtor and Pick (48) concluded from their experiments that 
the punnes acted through the medium of a center in the hypothalamus which 
regulated the water exchange. 

In the case of the orgamc mercury compounds most investigators have 
directed their attention to changes in the chemistry of the blood and unne 
dunng diuresis in an effort to pro\c or disprove the extra renal action of these 
substances Saxl and Heilig (49) were the first to call attention to the fact 
that novasurol causes a relatixe as well as an absolute increase of sodium chlo- 
nde in the unne This observation has been generally confirmed The con 
centrabon of urea, on the other hand, decreases and the absolute amount 
shows no significant change (Saxl and Heilig (49), Crawford and McIntosh (SO), 
Keith and Whelan (51), Melville and Stehle (52)) Keith and Whelan (51) 
also rejjorted that there was no appreaable change in the amount of calaum 
phosphorus or sulphate excreted in the unne while potassium and magnesium 
showed a shght increase This marked increase in excrebon of sodium chloride 
without Eigmficant change in the other consbtuents of the unne has led many 
invesbgators to believe that the pnmary acbon of novasurol is an extra renal 
mobilizabon of salt and water Somebmes the concentrabon of chlonde in 
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the unne nses to a value above that in the plasma MQller (53) concluded 
that this could only be explained by a direct action on the kidneys although he 
agreed, on the basis of other findings, that mercurial diuretics also had an 
extra-renal effect 

Studies of the blood electrolytes indicate that no significant changes occur 
following the administration of the mercunal diuretics Nonnenbruch (54) 
and Mbller (53) found no change in the concentration of sodium chlonde while 
Saxl and Heilig (55) reported an initial increase followed quickly by a fall 
Crawford and McIntosh (50) observed a slight decrease in the concentration 
of sodium chlonde but found no change in the urea Keith and Whelan (51) 
stated that changes in the blood were inconstant and never marked Noguchi 
(56) reported that the concentration of potassium in the serum was considerably 
increased He found a similar increase in potassium dunng the ingestion of 
large amounts of water and considered this significant 

Many investigators have studied the concentration of protein in the plasma 
as a measure of the presence or absence of hydremia The reports are con- 
flicting and one gets the impression on reviewing the work that too much sig- 
mficance has often been attached to slight changes Sa\l and Heilig (49) in 
their onginal publication stated that they often found a decrease in the con- 
centration of protein in the plasma subsequent to the injection of novasurol 
but that this did not occur regularly Later they reported experiments on 
normal dogs in which they found an early decrease in concentration with a 
subsequent nse (55) Bohn (57) (58) also reported a prompt fall in protein 
concentration after the administration of novasurol This fall lasted only a 
short time and was followed by an increase in concentration which he con- 
sidered due to secondary factors Bohn and Saxl and Heilig concluded that 
the action of novasurol was of an extra-renal nature The findings of Crawford 
and McIntosh (50) were similar to those quoted above but were interpreted 
somewhat differently These authors felt that the drug acted not only on the 
extra-renal tissues but also on the kidneys, the action on the kidneys being the 
important one dunng the greater part of the diuresis Serby (59) came to the 
same conclusion largely on the basis of plasma protein determinations in one 
case Milhling (60), on the other hand, reported a pnmary increase and a 
later fall in concentration and concluded that the primary action was on the 
kidneys, which responded with an increase in excretion of water and sodium 
chlonde with the result that salt and water were secondanly drawn from the 
' tissues into the blood Nonnenbruch (54) observed an increase in plasma 
protein concentration Since the erythrocyte count was unchanged he con- 
sidered this increase absolute and not due to loss of water from the blood 
Bleyer (61) could demonstrate no constant change A definite fall in con- 
centration occurred in only one of his nine expenments In six of the remaining 
there were slight increases or decreases not exceeding the limits of error of the 
method employed 

During a certain stage of uranium nephnbs Saxl and Heilig (55) observed a 
marked fall in the plasma proteins, following the injection of novasurol, which 
persisted for hours This they considered evidence of extra-renal action, the 
mobilized salt and water remaining in the blood because the damaged kidneys 
were unable to excrete them Bohn (57) obtained similar results in expenments 
on nephrectomized rabbits and M6ller (53) reported that salyrgan caused a fall 
in hemoglobin and an increase in serum chlonde when administered to animals 
after removal of the kidneys The normal water metabolism is so disturbed in 
expenments of this nature that one wonders whether it is justifiable to draw 
any conclusions 
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Fehfer (62) determined the blood volume by means of the trypan red method 
and reported a marked increase three hours after the adnumstration of salyrgan 
Since a considerable interval necessarily intervened in each instance between 
the control determination and the determination after salyrgan other factors 
may have contnbuted to the changes observed 

Teiner (63) studied the absorption time of subcutaneousfy injected normal 
saline solution He found that the solution was absorbed with somewhat 
greater rapidity after the administration of novasurol, and interpreted this as 
evidence that salt and water were bemg mobihsed for excretion This phenom- 
enon can also be accounted for by a pnmary renal action 

Recht (64) and Brunn (65) also supported the theory that the mercurial 
diuretics act pnmanly on the extra ren^ tissues Meyer (66) reported that 
the colloid osmotic pressure of the blood usually decreased after the injection 
of salyrgan and then with the onset of diuresis rose again above the control 
value. In some instances, an immediate increase was observed He was of 
the opimon that salyrgan decreased the water binding jxiwer of the extra renal 
tissues but beheved that it also had a direct, but less sigmficant, renal action 
Fodor (67) concluded that novasurol acted neither directly on the kidneys nor 
on the tissues, but on a hypothetical center in the medulla which regulated the 
water and chloride metabolism 

The evidence presented by Gremels (14), Schmidt (11) and Govaerts (68) 
indicates that the mercunal diuretics act directly on the kidneys Gremels 
demonstrated that good diuresis could be obtained from salyrgan and novasurol 
in the Starling heart lung kidney preparation, and Schmidt observed an increase 
in unne flow from the kidneys of frogs perfused with colloid free solutions 
Govaerts attacked the problem in a very ingemous manner by transplanting 
kidneys from one ammal into the neck of another When the kidneys from 
an ammal previously given an intravenous dose of novasurol were connected 
with the arculation of an ammal which had received no diuretic, the trans 
planted kidneys produced an increased amount of unne while the ammal’s own 
kidneys continued to excrete unne at a normal rate When the converse 
expenment was tried, the transplanted kidneys in the neck put out a normal 
amount of unne while the ammal's own kidneys showed a diuresis 

No correlation between novasurol or salyrgan diuresis and blood flow 
through the kidneys was found by Gremels, Schloss (69) or Schmidt. An 
increase in oxygen consumption was reported by Gremels, who concluded that 
these substances acted directly on the kidneys by stimulating secretion Kulcke 
(70) expressed the view that novasurol acted on the tubule cells, small amounts 
stimulating the secretory function, larger amounts injuring and destroying the 
cells, as in bichloride poisomng 

From this review of the hterature it is obvious that further evidence 
regarding the mechanisms by which these diuretics increase the output of 
unne is desirable 

In 1926 Rehberg (71) proposed a method for measunng glomerular 
filtration and tubular reabsorptaon This method is based upon the 
premises that unne is formed in mammals by a process of filtration and 
reabsorption and that creatimne is a non threshold substance and hence 
is not reabsorbed in the tubules These premises are well substantiated 
by the work of Richards, Rehberg, Ekehom (76) and others to whose 
publications the reader is referred From this starting point Rehberg 
71 
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reasoned that the concentration of creatinine in the unne times the unne 
volume must equal the concentration of creatinine in the glomerular 
filtrate times the volume of the glomerular filtrate Since glomerular 
fluid IS a protein-free filtrate of the plasma, the concentration of creatinine 
m the plasma may be substituted for the concentration of creatinine in 
the glomerular filtrate By parallel determinations of creatinine in the 
plasma and in the urine it is thus possible to calculate the amount of 
glomerular flmd formed per unit of time The amount of reabsorption 
occumng in the tubules is then determined by subtracting the unne 
volume from the amount of glomerular filtrate 

In the experiments reported below, this method of Rehberg has been 
employed to investigate the influence of euphyllin and salyrgan upon 
glomerular filtration and tubular reabsorption Chrometzka and Unger 
(72) have recently published the results of similar experiments 

PROCEDURE 

The expenments were performed upon eight female dogs weighing 
between ten and thirteen kilos Food was withheld from the animals for 
fifteen hours preceding the experiment Three hours before the beginning 
of the expenment proper 3 grams of creatinine in 50 cc of water were 
given by stomach tube This sufficed to raise the initial concentration 
of creatinine in the plasma to values ranging from 5 to 10 or more mgm 
per 100 cc and thus made the determinations more accurate During the 
course of the expenment the amount of creatinine in the plasma steadily 
decreased Hence a fairly accurate average concentration for each period 
of observation could be obtained The animals were allowed no water for 
at least one hour preceding the experiment At the end of this penod 
the absorption of any water previously present in the alimentary tract 
had, as a rule, produced its maximum effect upon the unne output The 
fluid intake preceding this period of abstinence was varied considerably in 
order to vary the initial unne volume In some instances water was 
withheld entirely except for the small amount given along with the 
creatinine In other expenments water was permitted ad libitum 
When large initial unne volumes were desired, water was given by stomach 
tube in amounts as high as 200 cc per hour 

Dunng the expenment proper urine collections were made for suc- 
cessive periods before and after the administration of the diuretic to be 
studied These collections were made directly into accurately graduated 
cylinders by means of a stiff rubber catheter inserted iqto the bladder 
through the urethra The catheter was left in place throughout the 
experiment Toward the end of each period it was moved about to 
assure as complete emptying of the bladder as possible 

In some experiments blood samples were obtained at the middle of 
each period of urine collection Usually, however, fewer blood specimens 
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were taken and the concentration of creatinine corresponding to the 
middle of each period was then obtamed by graphing the known values 
The creatinine determinations were made by the method of Folin (73) 
Both euphyUm and salyrgan were given intravenously The saline 
injections were made by the gravity method 

As a rule, two or more control penods of ten mmutes each were 
obtained before the diuretic was administered When the initial unne 
volume was qmte small a single long control penod was used When the 
unne volume showed a tendency to mcrease dunng the control periods 
the adrmmstration of the diuretic was postponed until the unne output 
began to decrease In addition to these control penods preceding the 
administration of diuretics several control experiments were performed 
The results of the expenments are presented m the accompanying 
tables and graphs For purposes of comparison the unne volumes and 
rates of glomerular filtration are expressed in terms of cubic centimeters 
per mmute The amount of flmd reabsorbed in the tubules per minute 
IS expressed as the per cent of the corresponding volume of filtrate. 

Controls 

The variations in glomerular filtration and m tubular reabsorption 
which occurred dunng successive penods of observation under the condi- 
tions of the expenment are shown in Table 1 The changes in filtration 

TABLE 1 


Spontaneous mnaltons tn glomerular filtration and tubular reabsorptum 


Dog 

number 

1 

1 Time 

Urine 

Tolume 

j 

GlomeruhLr 

filtration 

Reaburptlon 
of water ! 
In tnbolca 

Cban^ in 
glornCTUlar 
filtration 

Chance 

In 

reabsorptlon 

Increase 

Decrease 

Increase 

Dea«ite 




fXT 


cc ptr 

fC. ^ 






KiltnU 

€mt 

minnU 

minitit 

cent 

cent 

100 

2 27-2.37 

2 2 

76 0 

97 1 






2.37-2 47 

15 

62 5 

975) 


13 5 

08 



2 47-2.57 

09 

63 0 

985 

05 


06 



2.57-3-07 

0 95 

72 0 

98 6 

90 


0 1 



3-07-3 17 

0518 

665 

985 


55 


01 


3 17-3J7 

102 

58 5 

985 


80 


02 

101 

1.56-2-06 

34 

665 

94 9 






206-2 16 

255 

540 

95 6 


12 5 

07 



2 16-2.26 

155 

56 0 

975 

20 


1 6 



2.26-2.36 

1 45 

56 5 

97 4 

05 


02 



2 J6-2 46 

125 

505 

975 


60 

0 1 


102 

2 12-2J2 

36 

685 

94 7 






2J2-2-32 

4 1 

71 5 

94 2 

30 



05 


2 J2-2 42 

36 

62 0 

94 2 


95 




2-42-2J2 

3 1 

55 0 

945 


70 

0 1 



252-302 

29 

51 5 

94 4 



0 1 
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TABLE 1 (conhnued) 


Dog 

number 

Time 

Urine 

volume 

Glomerular 

filtration 

ReabsorptJon 
of water 
in tubules 

Change In 
glomerular 
filtration 

Change 

In 

reabsorptlon 

Increase 

Decrease 

Increase 

Decrease 




cc per 

per 

cc per 

cc per 

per 

per 




minute 

cent 

minute 

minute 

cent 

cent 

102 

2 08-2 18 

1 8 

59 0 

96 9 






2 18-2 28 

1 35 

53 0 

97 4 


60 

mm 



2 28-2 38 

1 2 

50 5 

97 6 


25 

;lB 


103 

2 06-2 16 

47 

142 0 

96 7 

\ 

1 




2 16-2 26 

5 1 

137 0 

96 3 

1 

50 


04 


2 26-2 36 

4 1 

129 5 

96 8 

1 

75 

05 



2 36-2 46 

2 45 

121 5 

97 9 


80 

1 

1 1 


103 

2 14^2 25 

136 

101 0 

98 7 






2 25-2 35 

09 

1 75 0 

98 8 


26 0 

0 1 



2 35-2 45 

0 35 

56 0 

99 4 

1 

19 0 

1 

06 


104 

1 06-1 16 

1 55 

81 5 

98 1 

1 

1 




1 17-1 27 

142 

64 5 

97 8 


17 0 

1 

03 


1 1 27-1 37 

135 

1 640 

97 9 


05 

01 



1 1 37-1 47 

10 

62 5 

98 4 


1 5 

05 

1 


104 

2 05-2 25 

1 018 

91 0 

99 8 






2 25-2 45 

1 017 

81 0 

99 8 


10 0 

! 



2 45-3 05 

1 0 16 

85 0 

99 8 

40 




105 

2 15-2 25 

2 1 

56 5 

96 3 

1 





2 25-2 35 

2 25 

58 5 

96 1 

2 0 



02 


2 35-2 45 

1 8 

57 0 

96 8 


1 5 

07 



2 45-2 55 

1 64 

58 0 

97 2 

10 


04 


105 

2 25-2 35 

33 

96 0 

96 5 


1 




2 35-2 45 

3 45 

89 5 

96 1 


65 


04 

1 

2 45-2 55 

3 55 

96 5 

96 3 

7 0 


02 


106 

1 47-2 02 

05 

35 0 

98 6 


1 


1 


2 02-2 17 

06 

22 0 

97 3 


1 13 0 

1 

1 3 


2 17-2 37 1 

0 25 

20 0 

98 7 


20 

14 



2 37-2 58 1 

0 12 

34 0 

99 6 

14 0 


09 


106 

3 32-3 42 

3 35 

80 0 

95 8 






3 44-3 55 

3 1 

75 0 

95 8 


50 




3 55-4 05 

2 75 

71 0 

961 


40 

03 



4 05-4 15 

24 j 

69 5 

96 5 


1 5 

04 


106 

2 03-2 13 

23 

69 5 

96 7 


1 




2 13-2 23 

2 0 

66 0 

96 9 


3 5 

02 



2 23-2 33 

1 85 

55 0 1 

96 6 


no 


03 


2 33-2 43 

1 07 

54 0 

1 

98 0 


1 0 

1 4 


107 

2 00-2 IS 

1 73 

440 

96 1 






2 15-2 30 

1 93 

41 0 

95 3 


30 


08 


2 30-2 45 

1 33 

46 5 

97 1 

5 5 

1 

1 8 



2 45-3 00 

1 33 

43 0 

96 9 


35 


02 













HENRY LENZHN SCHMITZ 


1083 


represent not only actual increases or decreases in rate of formation but 
also the variations resultmg from experimental errors such as those 
occumng in the creatimne determinations Of primary interest are 
increases in filtration and decreases m reabsorption, the two factors 
which tend to augment unne output Increases in filtration occurred 
infrequently and seldom were significant. The maximum observed was 
14 cc. per rmnute Decreases in the percentage of reabsorption m the 
tubules were also uncommon The largest decrease was 13 In the 
majonty of instances, decreases m filtration and mcreases m percentage 
reabsorption occurred, both of these factors tending to dimimsh the urme 
volume. 

EiiphyUtn experiments 

The exfienmenta with euphylhn may be divided into two groups, 
those in which diuresis was obtamed, and those in which no increase m 
unne output occurred The results of the former group are presented in 
Table 2 and Figure 1 

Euphyllm diuresis was charactenstically assoaated with an increase 
in the calculated rate of glomerular filtration In a few expenments the 
maximum rate of filtration immediately preceded the maximum unne 
volume In expenments 57 and 58 diuresis persisted after the rate of 
filtration had returned to normal Changes in reabsorption were van- 
able In expenments 1, 4 and 14 the percentage reabsorption was 
defimtely increased In four other expenments (34, 50, 63 and 64) there 
was no significant change dunng the course of the diuresis In only three 
instances were there decreases in reabsorption which definitely exceeded 
the maximum observed m the controls However, the occurrence of 
decreases was more frequent than m the control expenments and m a 
number of instances decreased reabsorption contnbuted considerably to 
the increase in unne output 

The unne output after the intravenous injection of 2 cc of euphyllm 
only twice exceeded 2 cc. per mmute As a rule diuresis began within 
five mmutes after the admimstration of the drug 

Practically all of the failures to obtam diuresis with euphyllm occurred 
in expenments m which the unne volume to begin with was 1 cc. per 
rmnute or greater In fifteen of seventeen e.xpenment8 in which the 
control unne volumes were below 1 cc. per minute the injection of 
euphylhn was followed by diuresis In four expenments with imtial 
unne volumes ranging between 1 cc and 1 4 cc per minute, the response 
to euphyllm was variable In six exjienments with control unne volumes 
greater than 1 5 cc per mmute, there was a decrease m unne volume 
following the injection of euphyllm In the latter expenments the rate of 
filtration increased within ten to twenty mmutes after the administration 
of the drug, but this nse in filtration was more than counteracted by a 
considerable increase in the percentage of reabsorption m the tubules 



TABLE 2 

Effect of euphyllm upon glomerular filtralton and tubular reabsorptton 
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Reabsorptfon of water in tubules 
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0 48 gram of euphylhn was administered m each of the experiments 
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Fig 1 Rate of Glomerular Filtration During Eupeyllin Diuresis 
The arrows indicate when euphylUn was Injected Solid line = unne 
volume Broken hne = glomerular filtrate. 


This IS illustrated by Figure 3 in which one of the expentnents is presented 
graphically 

Salyrgan expertmenls 

The results obtained with salyrgan (see Table 3 and Figure 2) are in 
sharp contrast to those given by euphylhn The percentage reabsorption 
in the tubules was significantly decreased in all but one instance, the 
decreases ranging from 1 6 to 4 6 A defimte increase in filtration, on the 
other hand, occurred in only four of the fourteen expenments and in only 
one instance (e.xpennient 6) played any significant rOle in the production 
of diuresis 
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Salyrgan was effective even when the control unne volume was as 
high as 3 5 cc per minute Rates of unne excretion as high as 5, 6 8 and 
9 4 cc per minute were obtained The response to salyrgan is less rapid 
than that to euphylhn In the majonty of experiments diuresis began 15 
to 20 minutes after the intravenous administration of the drug There 
were only two instances in which salyrgan failed to cause diuresis 



Fig 2 Rate of Glomerular Filtration During Salyrgan Diuresis 
The arrows indicate when salyrgan was injected Solid line = unne volume 
Broken line = glomerular filtrate 


Intravenous normal saline solution 

Because many investigators have maintained both in the case of 
euphylhn and in the case of salyrgan that diuresis is the result of a primary 
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extra-renal mobilization of salt and water the effect of normal saline 
solution given intravenously was studied for purposes of companson 
The amount of salme and the rate of mjecbon were vaned considerably 
See Table 4 



Time m minutes 10 20 30 40 50 60 70 80 90 100 


Fig 3 Effect of Euphyelin During Water Diuresis 

The almost constant increase m rate of glomerular filtrabon following 
the injecbon of saline was outstandmg m these expenments The effect 
upon reabsorpbon vaned with the amount and the rate of injechon of 
saline With the smaller amounts decreases in reabsorpbon ivere 
infrequent and seldom significant. When saline was injected conbnu- 
ously at fairly rapid rates, larger decreases in percentage reabsorption 
occurred In the latter expenments the increases in filtrabon always 
appeared first As the injecbon was conbnued the rate of filtrabon 


TABLE 3 

Effect of sdyrgan upon glomerular filtration and tubular reabsorption 
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0 5 cc of salyrgan was used in expenments 11, 36 and 39 In all other experiments 1 0 cc of the drug was administered 









TABLE 4 

Effect of iitiravencns sahns upon glcmervlar fiUraiion and tvhvlar reabsorpiion 
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tended to subside while reabsorption decreased In experiment 26 the 
rate of filtration, after an initial nse, dropped below the control period 
level 

COMMENT 

In the expenments with salyrgan, diuresis was characteristically 
associated with a decrease in tubular reabsorption Chrometzka and 
Unger (72) made the same observation The fact that there is no re- 
semblance between salyrgan and intravenous normal saline solution, so 
far as effect upon filtration is concerned, is opposed to the view that the 
response of the kidneys to this mercurial diuretic is secondary to an 
extra-renal mobilization of salt and water The observations of Gremels 
and Govaerts, referred to above, also indicate a direct action on the 
kidneys Since larger doses of mercury injure and destroy the epithelium 
of the renal tubules, it seems logical to assume that this decrease in 
tubular reabsorption is due to a depressant action upon the tubule cells 
Chrometzka and Unger performed three experiments with diuretm 
and found no change in the rate of glomerular filtration In the expen- 
ments reported in this paper, however, an increase m rate of glomerular 
filtration was characteristic of euphyllin diuresis This finding is con- 
sistent with the direct observation of Richards and Schmidt that caffeine 
increases the number of functioning glomeruli and the number of func- 
tioning capillary loops in individual glomeruli It is also in harmony 
with Bieter’s observation (74) that caffeine and theophyllm do not 
produce diuresis in fish with aglomerular kidneys 

Since the intravenous injection of normal saline solution also increases 
the rate of glomerular filtration it is impossible to conclude from these 
expenments alone whether xanthine diuretics act primarily upon the 
tissues or upon the renal vessels The fact that these diuretics are 
effective in increasing the unne output of the isolated kidney is definitely 
opposed to the former view The principal objection to the latter theory 
has been the lack of correlation betw^een xanthine diuresis and rate of 
blood flow through the kidney This objection loses its significance if 
we assume, as Vemey and Winton (22) have proposed m the case of 
caffeine, that the xanthine diuretics may, under smtable circumstances, 
dilate the vas afferens to a greater extent than the vas efferens and thus 
increase the glomerular capillary pressure, the glomerular capillary surface 
and the rate of glomerular filtration without necessanly increasing the 
rate of blood flow through the kidney 

Changes m reabsorption following the injection of euphyllin are 
inconstant The moderate decreases occurring in many expenments may 
well be related to increases in the number of patent capillanes in individual 
glomeruli, larger amounts of fluid flowing down the corresponding tubules 
more rapidly and lessenmg the chances for reabsorption 

The diuretic response to salyrgan is considerably greater than that to 
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euphylhn This difference is related to the relative effect of increases in 
filtration and decreases in reabsorpfaon upon unne volume Even large 
increases in filtration can not per se produce large unne volumes whereas 
relatively small decreases in reabsorption can cause considerable diuresis 



Time m rainutea 10 20 30 40 50 60 70 80 90 100 110 120 130 


Fig 4 Effect of Euphtixin Doring CoNTiNUons Intravenous Injection 
OF Normal Saline Solution 

Fremont-Smith and his associates (75) found that ivater diuresis in 
man was not associated wuth an appreaable increase in the amount of 
glomerular filtration Chrometzka and Unger (72) have made the same 
observation In the expenments herein reported, the rates of filtration 
associated mth high control unne volumes, produced by forcing large 
amounts of water, were moderately higher than the rates of filtration 
associated mth low control unne volumes The av erage rate of filtration 
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during 38 penods with urine volumes below 1 cc per minute was 54 cc 
per minute, while the average rate for 10 periods with unne volumes 
between 3 and 4 cc was 78 cc per minute 

The amoimt of reabsorption, on the other hand, is considerably re- 
duced durmg water diuresis As the diuresis subsides the percentage 
reabsorption mounts rapidly This rise in percentage reabsorption 
would seem to be the significant factor m the failure of euphyllin to 
increase urine volume under these conditions (see Figure 2) Filtration 
is increased, but the nsing percentage of reabsorption m the tubules 
more than counteracts the increase in rate of filtration Presumably if 
water were administered at a constant rate so as to maintain the per- 
centage of reabsorption at a level, euphyllin would be capable of increasing 





Fig 5 Graphic Comparison of the Effect of Euphyllin and Salyrgan 
UPON Glomerular Filtration and Tubular Reabsorption 

Control readings • After diuretic o 


the unne volume still further Euphyllin is effective when the urine 
output is high as a result of the continuous injection of normal saline 
solution (Figure 4) It is in fact more effective than usual under these 
cucumstances, because the low percentage of reabsorption m the tubules 
makes the resulting increase in filtration more significant Similar 
results were obtained in two other experiments of this type 

These experiments are of interest to the climaan because they may 
lead to a better understanding of the clinical results obtained with these 
drugs Clinically it has been found that the xanthine diuretics are chiefly 
of value in hastemng the elinunation of cardiac edema after digitalis and 
bed rest have improved the circulation With improvement in circulation 
m cardiac fmlure salt and water previously stored m the tissue spaces are 
brought to the kidneys for excretion Under these conditions, as we have 
seen expenraentally, the increase in filtration produced by the punne 


HENRY LENZEN SCHMITZ 


1093 


denvatives is more eEfective than usual because reabsorption is taking 
place to a lesser degree than normal In other types of edema (hepatic 
and renal) the xanthme diuretics are of httle help Increase in filtration, 
especially when only of a transient nature, is by itself of little value in 
augmenting the unne output 

The mercurial diuretics, on the other hand, are effective in all three 
of the above mentioned types of edema The effectiveness of salyrgan 
and novasurol m the case of cardiac edema is readily understandable 
It 18 more difiScult, however, to account for the removal of accumulations 
of flmd resultmg from portal obstruction and from depletion of the plasma 
protems Presumably the loss of water from the plasma resulting from 
the ad min istration of these mercurial diuretics is suffiaent to secondanly 
attract flmd from the tissue accumulations into the blood With our 
present mformation, however, one can do little more than speculate in 
this regard Further observations, both on the expenmental animal and 
on patients with edema, are necessary before one can draw any defimte 
conclusions 

SUMMARY 

Rehberg’s method of calculabng the amount of filtration occurrmg 
m the glomeruli and the amount of reabsorption taking place in the 
tubules was used to compare the diuretic action of euphyllin and salyrgan 
m the dog 

Dunng euphyllm diuresis the calculated amount of glomerular filtra- 
tion IS consistently increased while tubular reabsorption shows no constant 
change 

Salyrgan diuresis is characterized by a considerable decrease m the 
percentage of flmd reabsorbed in the tubules The amount of filtration 
IS seldom increased sigmficantly 

The mtravenous mjection of normal saline solution charactensbcally 
increases the rate of glomerular filtration The effect upon reabsorption 
vanes with the amount of saline and the rate of injection 

The mechanisms by which mercunal and xanthine diuretics produce 
diuresis are discussed in the light of these findings and of the evidence 
available m the literature 
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In perhaps no realm of physiology is there a more confusing medley 
of terms than in that which deals with the lung volume and its various 
subdivisions Not only does the meaning of many terms vary ivith the 
user but there is an unfortunate superfluity and synonymity of the terms 
themselves 

Residual air as first described bj Davy (1800) is the amount of air remaining 
in the lungs after the fullest possible expiration 

1 ital capacity as desenbed by Hutchinson (1846) is the amount of air that 
can be expired from the fullest inspiration to the fullest expiration 

Total lung volume or total capaaty is the sum of residual air and the ntal 
capacity 

Mid capacity as defined by Panum (1868) is the amount of air in the lungs 
at a point mid way between normal inspiration and expiration this le\el being 
referred to as the mid position or mid point or even \Ttal respiratory let cl 
SiebecL (1910) and others prefer to describe the mid capaaty as a quantity 
synonymous with the funcUonal residual air (tide infra) 

Fuitctioiial residual air as desenbed by Lundsgaard and SchierbecL (1923) 
IS that amount of air remaimng in the lungs after a normal expiration This 
quanbty has also been called the mid capaaty or normal capaaty, and the 
let el has been named the resbng respiratory let el, the expiratory level the 
mid position or mid point 

Complemental air has been tanously desenbed as the amount of air inspired 
from the mid position to maximum inflabon, or from the height of a normal 
inspirabon to maximum inflabon 

Reserve air or supplemental air has been variously desenbed as the air 
expired from the mid position to maximum deflabon or from the end of a 
normal expirabon to maximum deflabon 

Tidal air is the quanbty of air expired by a breath of average depth 

Were it not for the confusion that already^ exists tve would hesitate to 
offer any further addition to this classification but simplification neces- 
sanly involves some minor changes in defimbons The terms vital 
capacity and residual air have stood the test of time and tve would not 
modify them However, they are the product of respiratory gymnastics 
and surely it is important to establish some simple nomenclature wnth 
respect to the level at which we normally breathe A glance at any 
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senes of respiratory tracings, as taken in the routine estimation of the 
basal metabolic rate, shows clearly that the constant respiratory level 
IS at the end of expiration The inspiratory level and mid-capacity 
vary with the depth of inspiration, a variation which is often considerable 
both from breath to breath and from minute to minute From a func- 
tional point of view also, it is the amount of air remaining in the lungs 
after expiration (the functional residual air) that we have to ventilate 
Without entering into a discussion of the Hering Breuer reflex it can be 
safely said that there is much evidence that it is from the expiratory 
level (resting respiratory level) that the respiratory cycle has its initia- 
tion Also It is at this level that there occurs the maximum pause during 
the respiratory cycle To inflate the lungs above it one group of muscles 
is used, while to deflate the lungs below it an entirely different group 
IS used It would seem then that, from both practical and theoretical 
considerations, any measurements involving the amount of air normally 
present m the lungs should be based on the functional residual air or the 
resting respiratory level On this basis we have adopted the nomencla- 
ture depicted in Figure 1 The complemental and reserve airs are 





measured from the resting respiratory level and we agree with Anthony 
(1927 and 1930) that these should be measured separately, but are 
equally convinced that the vital capacity should also be measured inde- 
pendently, as in Its original definition by Hutchinson The reasons for 
this are obvious when we consider those cases where there is any impair- 
ment of pulmonary elasticity Two tracings of the vital capacity in 
such a case are shown in Figure 2 and it is obvious that if we divide the 
vital capacity into complemental and reserve air we are confronted with 
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the absurdity of having a negative quantity for the latter Actually 
when the reserve air was measured separately in this case it amounted 
to some 300 cc The sigmficance of this type of tracing will be discussed 
in a subsequent communication but we believe that such a discrepancy 
between the sum of the complemental and reserve airs measured in this 
way, and the vital capacity, represents the earliest sign of impairment of 
pulmonary elasticity This feature can only be brought out if the trac- 
ings are taken in the manner described 



.p- ” ’T rrrrrrr- — 'j sj — ;xj 

Fig 2 The Vital Capacitt iv a Case of Ad\aeced Ejirii\sEM\ 
Time marker 5 seconds 

By using this nomenclature a complete analysis of the lung volume 
and its functional and artificial subdivisions can be made, by stating only 
5 quantihes (o) The complemental air, reserve air and a ital capacity, 
(6) the tidal air, (c) the residual or functional residual air These 
three groups will be considered separately 

ifcasuremenl of the complemental atr, reserve air and vital capacits 
It IS ob\ lous that to measure the complemental and resen e air, some 
method maohing the graphic registration of respiration must be used 
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(Figure 1) By ordinary graphic spirometric methods the volume of air 
displaced by forced inspiration or expiration can be measured accurately 
to within 5 or 10 cc , and yet under even carefully controlled conditions 
we have found these amounts to vary by several hundred cc m duplicate 
measurements on the same subject 

The expulsion of the reserve air is the result of a voluntary unnatural 
effort and as such can be profoundly influenced by many factors such as 
posture (Panum (1868), Bohr (1907), Hasselbach (1908), Wilson (1927) 
and Livingstone (1928)), fatigue (Peabody and Sturgis (1921)), respiratory 
resistance (Bittorf and Forschbach (1910), Bass (1925) and Thiel (1929)), 
and various external stimuli (Bittorf and Forschbach (1910)) Even 
when these factors were carefully excluded ^ we have found variations 
of over 300 cc in both normal and pathological subjects The same range 
of variation was found in measurements of the complemental air and the 
vital capacity (Table I), and as no correlation could be found between 


TABLE 1 

Vanahons t« the vttal capaaty and its subdivisions 


Quantity 

measured 


Number 

Number 

A\ cr\Ee 

Maximum 

Group 

of 

of 

detintion from 

deviation from 

cases 

observations 

indlMdual mean 

individual mean 





CC 

CC, 

V'ltal 

Normals 

4 

28 

±110 

314 

capacity 

Emphysema 

Cardio- 

5 

19 

± 89 

300 


respiratory 

10 

33 

±115 

403 

Reserve air 

Normals 

4 


± 78 

318 


Emphysema 

5 


± 76 

225 


Cardio 





✓ 

1 

respiratory 

10 

37 

d: 63 

371 

Comple- 

Normals 

4 

32 

±109 

316 

mental 

Emphysema 

5 

29 

db 62 

187 

air 

Cardio- 




1 

1 

respiratory 

10 

40 

±115 

350 


the variation of these three quantities and they do not permit of statistical 
analysis, one must conclude that they were due to fortuitous changes in 
muscular effort rather than changes in the resting respiratory level 
Indeed this is the only possible explanation since any senes of reserve and 
complemental air estimations made at say | minute intervals show the 
same variations, although the resting respiratory level may remain a 
perfectly even base line Such a variation in a voluntary and almost 
violent respiratory effort as is required for the complete expulsion of the 


'■ Subject rested for 15 minutes m recumbent position, measurements then 
made with arms by side, shoulders flat on bed, and one pillow supporting head 
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reserve air or indraught of the complemental air is indeed to be expected 
from a general physiological {Mint of view and necessarily reflects for- 
tuitous variations in the residual air and total capacity 

Measurement of the Udal air 

The measurement of the tidal air is a very simple physical problem 
and so many accurate methods have been described that an> discussion 
would be pointless The same may be said of any discussion of changes 
in the tidal air due to central and peripheral stimuli It need only be 
emphasized that the tidal air is a quantity which varies from breath to 
breath and only an average over a stated penod of time has any real 
meaning 

Measurement of residual or functional 
residual air 

The number of methods described for the measurement of the residual 
or functional residual air approaches the number of papers published on 
this subject, a total of 47 having been reviewed Although there are 
obvious fallacies in many of the methods and equally obvious incompati 
bilities in the results produced, we have been unable to find any cntical 
review of the subject Before descnbing the method which we have 
developed we propose to present some theoretical and expenmental 
cnticism of those methods commonly in use These divide themsehes 
into three main groups 

(1) The so-called pneumatometric method, 

(2) Gas dilution wnth forced breathing, 

(3) Gas dilution without forced breathing 

The pnnciples underlying these methods will be criticised separately 
w ithout entering into the minor modifications which have been proposed 
by almost every worker in this field 

I PNEUMATOMETRIC METHOD 

Originally described by Pflilger (1882) this method is based on Boyle’s 
Law, which states that the volume of a gas v'anes in inverse proportion 
to the pressure to which it is subjected The subject is placed in an air 
tight cabinet, breathing through a mask or mouthpiece connected with 
an opening in the cabinet The air displaced from the cabinet by the 
respiratory expansion and contraction of the chest is graphically recorded 
by means of a spirometer Expiration is suddenly completely obstructed 
and the subject told to make an expiratory or inspiratorj effort against 
this absolute resistance The positive or negative pressure so generated 
in the respiratory tract is recorded by a mercury manometer and the 
change in the volume of air in the lungs also accuratelj recorded bj a 
small spirometer attached to the cabinet From the rclaDonship of the 
V olume change to the pressure change the v olume of air in the lungs can 
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be calculated Modifications of this method have been descnbed by 
Neupaur (1879) Kochs (1884) Schenclv(1894 (2), 1895 (2)), Bass (1925) 
and Wolf (1928 (3)), vhich gi\e figures for the residual air ranging from 
400 cc to 19,800 cc Bass and Schenck are the only authors who gi\e the 
data necessary for an estimate of how accurately observations can be 
duplicated on one individual (Table II) Bass himself does not discuss 
the accuracy of the method from this point of view and does not deny the 
discarding of results which show any marked deviation from the mean 
From the context of his paper and results given, we suspect this to be the 
case 

The fallacies and drawbacks of the method are obvious As Schenck 
(1894) has shown, and as we would expect, the gases in the gastro-intes- 
tinal tract are measured with the residual air Also, the slightest leak 
around the mouthpiece, while the subject is making the expiratory effort, 
would not be shown on the tracings and yet w ould completely vitiate the 
results The apparatus is cumbersome and its management full of 
technical difficulties, while more cooperation is demanded of the subject 
than can be given by even the most healthy individuals (Kochs (1884)) 

II GAS DILtinON WITH FORCED BREATHING 

(o) Hydrogen Diliihon 

Originally described by Davy (1800) and since modified on minor 
points of technique by Gr^hant (1887), Berenstein (1891), Bohr (1907), 
Hasselbach (1908 (2) and 1912), Rubow (1908), Morawitz and Siebcck 
(1909), Bittorf and Forschbach (1910), Siebeck (1910 and 1912), Bruns 
(1910) and Tobiesen (1911), this method is based on the dilution of a 
knowm volume of hydrogen by the residual air in the lungs After a 
forced expiration to expel the reserve air the subject takes from 5 to 7 
deep and rapid breaths from a bag or spirometer containing a known 
volume of hydrogen A homogeneous mixture of gases is then assumed 
to be present throughout the bag or spirometer and the lungs A sample 
of this mixture is analysed to find the degree to which the hj drogen has 
been diluted From the degree of dilution the volume of residual air can 
be calculated 

( 6 ) Oxygen dilution 

Exactly the same as the hydrogen dilution method in pnnciple, tlie 
residual air is calculated from the degree to which the nitrogen in the 
alveolar air is diluted by a known volume of oxjgen This method was 
onginally developed b> Dung (1903) and since by Lundsgaard and Van 
Sljke (1918), Peters and Barr (1920), Lundsgaard and Schierbeck (1922 
and 1923), Lundsgaard (1923) and Campbell and Hill (1931) 

In only four of the articles referred to is there sufficient data to form 
nn> estimate of the accuracy of cither of these methods \\ ith the 
exception of that b> Peters and Barr, which wall be discussed later, a 
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considerable range of variation m duplicate analyses on the same individ- 
ual IS shown amounting to an average deviation from the mean of from 
80 cc to 174 cc and a maximum deviation from the mean of from 184 cc 
to 325 cc (See Table II ) Using the oxygen dilution method as de- 
scribed by Lundsgaard and Van Slyke (1918) we have performed a series 
of 15 estimations of the residual air on one subject The results (Table 
II) show a range of from 2363 cc to 2008 cc with an average deviation 
from the mean of 83 cc and this m spite of the fact that the subject was an 
intelligent, healthy technician, long accustomed to vital capacity meas- 
urements and the Haldane Priestley method of sampling alveolar air 
The volume of O 2 was measured to ±2 cc and the O 2 analyses done in 
duplicate with an accuracy of ± 05 per cent, a combination of sufficient 
accuracy to measure the volume of a model lung to within dblO cc 
(Table II) 

On analysing various points of technique in the method and some of 
the assumptions made, it becomes obvious that a considerable range of 
error is to be expected m either of these two gas dilution methods 
Considering the wide use that has been made of these methods and their 
comparatively recent popularity, it might be well to discuss our criticisms 
in detail 

{a) True but forhnlons varmHons in the residual air The inconstancy 
of the reserve air has already been described and it has been shown that 
e\en under carefully controlled conditions variations in this quantity 
may reflect changes in the residual air w’hich are fortuitous m nature 
Indeed we think it probable that this inconstancy of the reserv^e air is 
mainly responsible for the variations found in the residual air of normal 
individuals, as measured by this method A comparison of Tables I and 
II certainly shows a very similar deviation from the mean 

(&) Mio^tng of gases by forced breathing Owing to the popularity of 
gas absorption methods in the estimation of the circulation rate, the 
problem of gas mixing in the lungs has received considerable attention 
Without going fully into the controversy it may be stated that the con- 
sensus of opinion inclines to the view that in the healthy subject 5 breaths 
of 2 liters depth or more from a bag containing from 2 to 3 liters of a 
foreign gas are sufficient to ensure homogeneity throughout the lung-bag 
system (Krogh and Lindhard (1917), Lundsgaard (1923), Grollman and 
Marshall (1928), etc ) In any pathological condition, how^ever, where 
there is an impairment of alveolar ventilation or reduction of vital 
capacity, the evidence is entirely against complete mixing of gases or any 
homogeneity throughout the lung-bag system (Siebeck (1910, 1911 (2), 
and 1912), Bruns (1910), Weiss (1928), Anthony (1930)) In spite of 
these observations, both these H 2 and O 2 dilution methods for the meas- 
urement of residual air have been used on patients with all types of 
pulmonary impairment, m some of which the vital capacity wms admit- 
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tedly below a liter One such is the publication by Peters and Barr, whose 
duplicate analyses are summarised in Table II All the criticisms we have 
to make regarding these gas dilution methods apply both to the methods 
and to the patients they used It must be added that they make no 
statement as to the accuracy of the method and on that score may have 
discarded results shownng any marked deviation from the mean, m 
which case our tabulation of their results in Table II is meaningless 
In any case it is jet to be shown that measurements of this tjTie on pa- 
tients with such a low vital capacity have any real relationship to the 
residual air 

(c) Inconstancy of percentage of nitrogen in alveolar air In the ovygen 
dilution method it is necessarj either to measure or to assume some 
constant for the percentage of nitrogen in alveolar air since it is this 
that IS being chluted wnth the Oi (e\en the respiratory dead space cvill 
contain alveolar air after expulsion of the reserve air) Various con- 
stants have been assumed for this value but actually the alveolar nitrogen 
shows considerable variation among different groups of patients and m 
individuals of the same group In fifty-three observations on four normal 
individuals w e have found an average of 80 28 per cent Nj in the alveolar 
air, in thirty-eight observations on eighteen cases w ith cardiorespiratory 
disease an average of 79 98 per cent Nt, and in fourteen observations on 
SIX cases with emphj^ma an average of 81 21 per cent Ns Even these 
average values show considerable variations between the different groups 
but when we take the extremes we find a maximum of 82 33 per cent Ns 
in the alveolar air of a case of emphysema with extreme cyanosis and a 
minimum of 79 42 per cent Ns in a case of congenital stenosis of the 
pulmonarv artery In both these cases the pCOs as calculated from 
analysis of the artenal blood closely agreed wnth that found in the alveolar 
air, so we can accept these extreme variations as being real and not due 
to faulty sampling 

(d) Gas absorbed by blood It is known that hjperv entilation produces 
very definite changes on the circulatory system and on haemorespiratory 
exchange (Marshall and Grollman (1928), Schneider (1930), Herxheimer 
and Kost (1931)) Any change in the circulation rite through the lungs 
must obv lously be associated w ith changes m Oj consumption and also in 
the amount of a foreign gas which wall enter into solution in the blood 
To eshmate the significance of these factors we have performed some 
expenments on a subject on whom we had made 15 determinations of 
the residual air by the O dilution method of Lundsgaard and Van Slyke 
(Table II) We found that dunng a 20 second period of hyperventila- 
tion, with 5 breaths of between 3 3 and 3 6 liters, the circulation rate 
ranged from 6 5 to 9 8 liters a minute, wath an av erage of 7 8 liters in 4 
observations, representing an increase of 90 per cent over his resting 
circulation rate (Details of the method used have not yet been pub 
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lished ) With this was found an increase of from 59 per cent to 98 per 
cent in the oxygen consumption with an average of 73 per cent The 
average basal oxygen consumption was 270 cc per minute and from these 
figures we can calculate that the respiratory gymnastics associated with 
this method of measuring the residual air was accompanied by an oxygen 
consumption of approximately 160 cc m 20 seconds, the actual amount 
varying somewhat within the degree of hyperventilation If we add to 
this 10 cc as representing the amount of O 2 taken up in physical solution 
at I an atmosphere pressure of O 2 , we have a total of 170 cc of O 2 which 
has passed into the blood during 20 seconds of hyperv’-entilation If an 
equal amount of CO 2 be excreted during this period, no error in the 
estimation of lung volume will result Unfortunately this is not the case 
The percentage of oxygen m the bag is sufficient to ensure complete 
saturation of the blood but since the percentage of carbon dioxide in the 
inspired air is continuously rising, some impairment of C 02 excretion 
must occur which ivould tend to lower the respiratory quotient The 
hyperaeration of the alveoli on the other hand would tend to raise the 
respiratory' quotient The exact balance of these two factors is difficult 
to estimate vhen breathing high oxygen mixtures When room air is 
rebreathed under the same conditions we ha\e found the R Q to average 
0 92 on 5 estimations and we can only say that with high oxygen mixtures 
It must be considerably lower Even an R Q of 0 8 v ould lead to an 
error of 34 cc in the estimated lung volume under the circumstances 
described 

With the H 2 dilution method the error involved by gas absorption is 
small but is still present If we assume that 2000 cc of blood passes 
through the lungs during the period of hyperx'entilation approximately 
15 cc of H 2 will be absorbed at a pressure of 0 an atmosphere representing 
an error of less than 20 cc , with a final dilution to 50 per cent H 2 

(e) N-iirogen excrehon from the blood In the H- dilution method, the 
N 2 excreted is of no moment but in the O 2 method, where dilution of the 
alveolar air is the basis of calculation, all N 2 excreted will be measured 
as if It were originally present m the alveolar air From the figures of 
Hill, Long and Lupton (1924), and of Campbell and Hill (1931), the N 2 
excreted m 20 seconds with hyperventilation and 1 an atmosphere of O 2 
would only amount to some 10 or 12 cc , which would result m an error of 
less than 20 cc m the residual air estimation 

III GAS DILUTION WITHOUT FORCED BREATHING 
(a) Hydrogeii dtlultov 

A very' definite advance in the technique of lung volume measurement 
was made when Van Slyke and Binger (1923) described their method for 
the estimation of the residual air, or functional residual air, without 
forced breathing, and it is remarkable how few have availed themselves 
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of this e\ce!lent method or its modification by Bmger and Brow (1924) 
The method is based on the mixing of a known volume of hydrogen \\ ith 
the nitrogen in the lungs, mixing being accomplished by quiet respirations 
from a spirometer for from 5 to 7 minutes The volume of air in the lungs 
at the moment the patient is snitched to the spirometer is calculated 
from the volume of hydrogen onginally added to the spirometer and the 
ratio of the percentage of hydrogen after mixing has been accomplished 
Those who have worked with the method have found it entirely satis 
factory (Bmger (1923), Bmger and Brow (1924), Meakins and Chnstie 
(1929), and Anthony (1930)), but unfortunately only one of these papers 
contains the data necessary for an estimate of the accuracy of the method 
when applied to the human subject Meakins and Christie have used 
this method on a limited number of subjects with satisfactory but l6ss im- 
pressive results than those obtained by Bmger and Brow (Table II) It 
must be stated, however, that our own figures were obtained wnth the 
use of a Haldane gas analysis machine, using the micro method, and part 
at least of the vanation found by us may have been caused by errors m an 
alysis Anthony (1930), although no protocols are published, finds with 
this method a maximum vanation of 100 cc and an average vanation 
from the mean of 50 cc 

From a technical point of view the only cnbcisms of this method we 
can offer are the errors from absorption of hydrogen and excrebon of 
nitrogen by the blood, but with similar technique it seems improbable 
that these factors should vary greatly from bme to time in the same sub 
ject With a final mixture of 30 per cent N it can be estimated from the 
figures of Hill, Lxing and Lupton (1924) and Campbell and Hill (1931) 
that at least 65 cc of Nt are excreted into the lungs in 5 minutes No 
figures for the absorption of hydrogen are available but if we take the 
absorption coefficient of hydrogen as 0 01644 and the final percentage as 
30, and assume gaseous equilibrium to have been established bebveen the 
alveolar air and 10 liters of body fluids (an amount which is probably too 
low), It can be calculated that approximately 50 cc of hj drogen have been 
absorbed from the lungs If 1500 cc of H were onginally added to the 
spirometer and 1500 cc of Nj were present m the alveolar air, this haemo- 

N 

respiratory exchange w ould result in a measured ratio of 1 07 instead of 

the true ratio of 1 00 The resultant error in the lung volume esbmation 
would amount to 105 cc , a figure very close to that assumed by Anthony 
(1930) but a figure which, in our opinion is minimal, 150 cc. or 200 cc. 
being equallj probable Again a figure for the percentage of nitrogen in 
the alv eolar air has to be assumed and a certain error wall result In the 
e.xtreme case of emphj’scma quoted abov^e with an alveolar Nj of 82 33 
per cent this error would amount to some 60 cc even if the residual air 
were normal and not increased, as was the case Mixing of gases through 
out the lung spirometer system, on the other hand, has been shown to be 
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complete, both in normals and in those with cardiovascular disease (Van 
Slyke and Binger (1923)) 

The mam drawback of this method is one that appeals perhaps to the 
less scientific and more imaginative members of the medical profession 
The routine use of an explosive mixture in respiratory experiments is 
considered by some to be unsafe and to mj'- knowledge has frightened 
several investigators from the method The possibility of arsenical 
poisoning must also be excluded In a laboratory with careful workers 
we do not see that there is any danger, but have also found it difficult to 
convince both the laity and some of the medical profession It was mainly 
for this reason, but also in the hope that we might be able to simplify 
the technique of lung volume measurement, that we have developed a 
method which requires little but what is available in every well-equipped 
hospital laboratory 

(6) Oxygen dilution without forced breathing 

The principle underlying the method is again the dilution of the 
nitrogen in the lungs with a known volume of oxygen, but complete 
mixing is ensured by adopting the technique of Van Slyke and Binger 
At the same time some of the drawbacks of their method are avoided 

DETAILS OF THE APPARATUS 

The spirometer is of the standard type as commonly used in the estimation 
of the basal metabolic rate, with a capacity of from 6 5 to 8 liters (preferably 
the latter) and equipped with the usual ink recording attachment and ther- 
mometer The counterpoise is adjusted so that balance is perfect with the 
bell at half capacity The soda lime scrubber should be rcmo^ ed from the body 
of the spirometer and this space filled with solid paraffin to form a solid central 
core pierced by the inspiratory and expiratory tubes The spirometer dead 
space IS then reduced to a minimum, as when the bell is lowered its interior 
IS almost completely occupied by the solid centre core, the thermometer project- 
ing into either the inspiratory or expiratory tube The inspiratory and expira- 
tory valves are placed outside the spirometer and as near to the mouthpiece 
as IS convenient Between each valve and the spirometer is placed a 3-way 
tap so that in the one position the subject breathes to and from the room, and 
in the other, to and from the spirometer A soda lime scrubber is inserted on 
the expiratory side of the circuit between the 3-way tap and the spirometer 
Between the scrubber and the spirometer is the usual side tap for the collection 
of samples With the bell fully lowered the volume of air in the whole circuit, 
from mouthpiece to spirometer and spirometer to mouthpiece, should not 
exceed 3,000 cc or at the most 3,500 cc (see measurement of spirometer dead 
space) and this quantity should be kept absolutely constant All tubing 
connecting the mouthpiece with the spirometer should be of such ngidity and 
so arranged that the volume of its lumen will remain constant We have found 
short lengths of glass tubing connected with rubber tubing very satisfactory' 
The volume of soda lime in the scrubber is kept constant by weighing 1 1 is also 
important that there should be no \anation of the level of ivater in the water 
seal This is easily avoided by the use of a small syphon manometer so placed 
that It will not interfere with movements of the spirometer bell 
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Gas analysis may be accomplished by any of the many methods capable 
of analysing up to SO per cent oxygen mixtures with an accuracy of ±0 1 
per cent or less A Haldane gas analysis machine graduated to the S cc, mark 
has been found satisfactory although the absorption of oxygen is somewhat 
tedious We have collected the samples over mercury in a Haldane sampling 
tube, and analyses have always been done in duplicate. 


Measurement of sfnromeler dead space 

With such a complicated system it is impossible to obtain any accurate 
calculation of the volume of air in the spirometer dead space (i e , the volume 
of air m the spirometer and tubing with the bell empty) by simple linear meas- 
urements Much more accurate is Its measurement by gas dilubon, which 
serves the double purpose of giving a figure for this quantity, and also of 
standardizing the accuracy of the gas analysis and other points of technique 
We have found the following techmque for the measurement of the dead space 
simple, and surpnsingly accurate. A rubber bag of from 2 to 6 liters capaaty 
and with an air opemng at both ends (such as is commonly used in the ad- 
ministration of gas anesthetics) is equipped with two glass stopcocks, one at 
either opening One of these taps (Tap A) is connected to the mouthpiece 
by a short piece of rubber tubing, so that when open, the bag is in direct com 
mumcation with the spirometer The other tap (Tap B) leaves the bag open 
or closed to the atmosphere. With Tap A closed and the spirometer empty 
(having been previously thoroughly flushed through with room air), the 3 way 
taps are so turned that the airways are open from mouthpiece to spirometer 
The rubber bag is completely evacuated by suction and Tap B closed A care 
fully measured volume of oxygen is then run into the spirometer, Tap A opened, 
and by using the spirometer bell as a pump the gases in the arcuit are thor- 
oughly mixed A sample is then taken from the spirometer and the oxygen 
percentage determined The volume of the spirometer dead space is then 
calculated as follows 


or 


79 1 
* 100 


(x + o) 


y 

100 


X = 


ay 

79 1 - y ’ 


( 1 ) 


where x = the volume of the dead space in cc., 

y =“ the percentage of mtrogen in the sample taken after muxing is 
complete, 

a •= the amount of oxygen introduced into the spirometer m cc. 

Duplicate measurements show a very close agreement Five measurements 
made on the spirometer circuit desenbed above, and 5 on a standard basal 
metabolic rate machine, gave an average deviation from the mean of 7 cc. and 
a maximum deviation of 10 cc. (Table H, "Model Lung”) 


The measurement of the functional residual air 

The spirometer arcuit is thoroughly flushed with room air using the bell 
as a pump Our routine has been 3 senes of 4 to 5 liter excursions of the bell 
with an inteix’al of 2 to 3 minutes between each to allow for diffusion of oxygen 
from the soda lime and other parts of the arcuit The spirometer bell is then 
emptied and the two 3 nmy taps turned so that the mouthpiece leads to the 
73 
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room air A carefully measured volume of O 2 is run into the spirometer (we 
have found it more accurate to measure this volume of oxygen from a traang 
taken with the pen attachment than from direct observation of the scale), 
three minutes being allowed for temperature equibbnum to be reached, and a 
thermometer reading is taken The subject who has been lying in the dorsal 
decubitus with the arms by the side, shoulders resting on the bed, and one 
pillow supporting the head, for at least 15 minutes, is then attached to the 
apparatus by means of the usual rubber mouthpiece and nose-clip He 
breathes room air for 2 minutes, the drum is started and the subject is then 
suddenly switched to the spirometer by turning both 3-way taps simultaneously, 
preferably at some point dunng the respiratory cycle near the height of inspira- 
tion After a penod of seven minutes’ quiet breathing, the 3-way taps are 
again turned, disconnecting the patient from the spirometer A weight is 
placed on the bell of the spirometer, and left for three minutes dunng which 
time any leak will show itself The small tap for the collection of samples 
IS opened and from 2 to 3 hters of gas allowed to escape A sample of the air 
in the spirometer can then be collected for analysis The following practical 
details are essential if accurate results are to be expected If the subject is 
unaccustomed to breathing from a spirometer practice should be given pnor to 
the expenment The subject should be unaware of the purpose of the expen- 
ment, as any consaous effort to maintain an even resting respiratory level 
usually results in hopeless irregulanties It has been our custom to inform 
the subject that it is just a “breathing test,’’ that he will feel nothing, need 
only breathe quietly and can go to sleep if he wants to Leaks around the 
mouthpiece should be carefully avoided It has been our custom to moisten 
the mouthpiece with water or dilute glycenn and observe the mouth throughout 
the expenment Resistance to respiration should be minimal and any change 
in resistance, such as is easily produced by sticking of the rubber \mlves, should 
be carefully avoided The influence of resistance on the resting respiratory 
level has already been mentioned In one of our normal subjects we have 
found that a slight increase in the expiratory resistance, although insuffiaent 
to affect the respiratory rhythm, raised the functional residual air from an 
average of 2425 cc in 15 estimations to an average of 2750 cc in 5 estimations 
For these reasons the respiratory valves should be examined daily for any 
stickiness of the valve flaps The effiaency of the soda lime scrubber should 
be checked at regular intervals by analysing the spirometer air for CO;, if this 
rises above 0 2 per cent the soda lime should be changed 


CALCULATION 


The actual volume measured by this method is obviously the amount of air 
in the lungs at the moment the patient is switched to the spirometer The 
nitrogen in the lungs at this moment is diluted by a known volume of oxygen, 
and from the degree of dilution the lung volume can be calculated from the 
equation. 




where x = the lung volume in cc , 

V = percentage of N 2 in lungs at beginning of expenment, 
y = percentage of N 2 in the arcuit at end of expenment, 
a = oxygen in spirometer at beginning of expenment in cc , 
b = oxygen absorbed dunng expenment in cc , 
d = dead space in spirometer arcuit in cc 
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Unfortunately for the utihty of this equation the value of a has been shown 
to be by no means a constant and is not measured in each subject Also, there 
IS no justification for the assumption that at the end of the expenment there 
IB any homogeneity throughout the lung spirometer system Indeed it is only 
reasonable to suppose that, at the time the sample is taken, the nitrogen in the 
inspired air (i e , the nitrogen in the spirometer) is of lower percentage than 
the mtrogen in the alveoh, since more oxygen is being absorbed than COj 
excreted, and therefore a process of Nj concentration is continuously taking 
place in the lungs However, the nse in the percentage of Nj, which takes place 
when air is inhaled from the spirometer, must be equivalent to the nse which 
takes place when air is inhaled from the room, since in both the lungs are 
performing the same process of Ni concentration Applying these theoretical 
considerations to our technique of lung volume measurement, it is clear that if 
we use 0 (the alveolar Ni percentage at the beginmng of the expenment) to 
represent the amount of Ni being diluted, the sample y (the percentage of Ni 
in the arcuit after mixing is complete) must also be taken from the alveolar air 
But since the difference between b and the room air nitrogen is equivalent to 
the difference between y taken from the alveoh and y taken from the spirometer, 
we are perfectly jushfied in substituting the room air mtrogen (79 1 per cent) 
for B, if the sample from which y is estimated is taken from the spirometer 
Our equation will then simpUfy itself to 


or 


79 1 , .79 1 
100 ^100 




s 


y(a — V) 

791 -y 


-d. 


( 2 ) 


the meamng of *, a, 6 and d reraaimng unchanged but y signifying the percentage 
of nitrogen in the spirometer at the end of the experiment In this way those 
errors accruing from the inconstancy of the alveolar mtrogen are made to 
compensate for the lack of homogeneity throughout the lung spirometer 
system after so-called mixing has been completed Actually it can be shown 
that compensation for these errors is not quite complete. If room air be 
inspired and 7 cc. per cent of Oi are absorbed, and 6 cc. jier cent of COi excreted, 
then the percentage of Nj will nse from 79 1 in the inspired air to 79 9 in the 
expired air, a nse of 0 8 per cent If the oxygen of the inspired air be raised to 
45 per cent, then with the same raetabobc factors the percentage of Ni will be 
raised from SS to 55 6, a nse of 0 6 per cent. Since the respiratory dead space 
IB a constant factor throughout, these differences between the inspired and 
expired nitrogen are exactly proportional to the differences between inspired 
and alveolar nitrogen As shown, this difference does vary somewhat with 
the percentage of nitrogen inspired, the change when breathing 55 per cent Ni 
amounting to only 75 per cent of that when breathing room mr This dis 
crepancy has to be disregarded in our calculations, but the error involved 
13 a small one, amounting to some 10 to 20 cc. in the functional residual air 
of an average subject. 

As already stated, ne have found that a more accurate measurement of the 
amount of oxygen added to the spirometer is obtained by graphic registration 
than by a direct reading on the scale. The oxygen absorbed is measured in the 
usual tray by a hne drawn through the resting respiratory level Difficulties 
in the measurement of this quantity are discussed below 

The actual volume measured by the above technique and by the use of 
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formula (2) is the amount of air in the lungs at the moment the subject was 
swntched from breathing room air to the spirometer The height of this point 
above the resting respiratory level is measured from the respiratory traang 
To obtain the value of the functional residual air, this amount is subtracted 
from X The quantity so obtained represents the volume of the residual air 
at the temperature of the spirometer air This must be corrected to 37° C 
saturated with water vapor It has been the custom of some to correct also 
for the barometric pressure but it has yet to be shown that the barometric 
pressure has any influence on lung volume 

To allow for nitrogen excretion we have estimated from the figures of Hill, 
LongandLupton (1924) and Campbell and Hill (1931) that approximately 65 cc 
of mtrogen will be excreted in 7 minutes when breathing an atmosphere of 44 
per cent oxygen We have therefore subtracted 80 cc in all cases from the 
measured functional residual air Obviously no correction need be made for 
oxygen passing into solution, as this wall be registered as oxygen consumption 

From the functional residual air, the total capacity and residual air 
can be calculated by adding the complemental and subtracting the reserve 
air respectively It has been our custom to measure these immediately 
after the lung volume estimation and with the subject in the same care- 
fully controlled position ^ 


CRITICISM 

In our opinion the mam drawback to this method is the difficulty m 
obtainmg an accurate estimation of the oxygen consumption on some 
subjects How^ever, one can always tell from a 7 minute respiratory 
traang approximately ho\v much room there is for error Our routine 
has been to draw’^ the base line, which we think represents the oxygen 
consumption, and if one has to admit the possibility of more than a 50 cc 
error in the total oxygen consumed the experiment is discarded or, if a 
better tracing is not procurable, the possible range of error is noted 
With a final mixture of 45 per cent oxygen, an error of 50 cc in the oxygen 
consumption will lead to an error of 93 cc m the lung volume The 
only other cntenon for the discarding of an experiment has been the 
possibility of a leak as shown by the spirometer tracing 

Nitrogen excretion probably varies somewhat from patient to patient 

* Sendroy, Hiller and Van Slyke (1932) have recently published a method 
for the determination of lung volume by respiration of oxygen wathout forced 
breathing In their method it is essential that “at the end of the penod the 
subject bnngs his lungs to the same position as at the beginning ” They have 
only used this method for the estimation of the residual air but when we con- 
sider the fluctuation of the reserve air descnbed above it becomes evident 
that expert cooperation is necessary, and accurate results can hardly be ex- 
pected from patients with any impairment of respiratory function The 
authors do not descnbe any measurements of the functional residual air, and 
■we hardly think that this would be feasible with their method We have 
always found that any such voluntary control of the resting respiratory le\el 
even in trained individuals leads to marked irregulanties 
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but we cannot believe that with similar experimental technique this 
quantity can vary by more than 10 or 20 cc representing a final error of 
from 15 to 25 cc. 

The question of mixing throughout the lung-spirometer circuit cannot 
be so satisfactonly approached by this method as by the method of Van 
Slyke and Bmger (1923), since the mtrogen percentage is falling at an in- 
creasing rate throughout the experiment, and since the sample taken must 
represent the air in the spirometer bell Van Slyke and Bmger have con- 
clusively shown that both in cardiacs and m normal subjects the tech- 
nique \\ e have used is sufficient to ensure mixing m 5 minutes To make 
doubly sure we have extended this time to 7 minutes 

In 25 measurements of the functional residual air m 3 normal subjects 
we have found an a\'erage deviation from the mean of each subject of 93 
cc , and a maximum deviation of 170 cc. In 40 measurements on 14 
subjects with cardio-respuatory disease, ranging from advanced emphy- 
sema to spontaneous pneumothorax, we have found an average deviation 
from the mean of each subject of 107 cc. and a maximum deviation of 280 
cc When these results are compared with those by other methods 
(Table II) it must be remembered that at least m some instances m this 
group results showing marked deviation from the mean have been dis 
carded Moreover, only this method and the method of Van Slyke and 
Bmger can be used with any jusbficabon m those cases where there is 
any marked impairment of vital capaaty or pulmonary ventilation 
In this type of case our method may or may not be as accurate as the 
method of Van Slyke and Bmger, but in its simphaty and applicability to 
clinical use it certainly presents some advantages 

SUMMARY AND CONCLUSION 

(а) A simple classification of the subdivisions of the total lung volume 
IS proposed 

(б) The complemental, reserve and residual airs can show considerable 
vanations which are purely fortuitous m nature, even under carefully 
controlled conditions on one individual Similar vanations could not be 
demonstrated in the functional residual air 

(c) The methods for the determinabon of the residual and funcbonal 
residual air are reviewed, and expenmental evidence given to show that 
most of these tiiU give fallaaous results m both normal and abnormal 
individuals 

(d) A simple method is descnbed for the measurement of the funcbonal 
residual air 

BIBLIOGRAPHY 

Anthonj A, Bcitr z Klmik d Tubcrk, 1927 Ixvni, 711 Zur Mcthodc der 
Spirometnc, Deutsches Arch f klin Med , 1930 clxvn, 129 Untcr- 
Buchungen Ober Lungenvolumina und Lungenventilabon 



1116 


LUNG VOLUME 


Bass, E , Ztschr f d ges exp Med , 1925, xlvi, 46 Zur Methodik der 
Residualluftbestimmung 

Berenstein, M , Arch f Physiol , 1891, 1, 363 Neue Versuchezur Bestimmung 
der Residualluft am lebenden Menschen 
Binger, CAL, and Brow, G R , J Exper Med , 1924, xxxix, 677 Studies 
on the Respiratory Mechanism in Lobar Pneumonia, A Study of Lung 
Volume in Relation to the Climcal Course of the Disease 
Binger, C A L , J Exper Med , 1923, xxxviii, 445 The Lung Volume in 
Heart Disease 

Bittorf, A , and Forschbach, J , Z^tschr f klin Med , 1910, Ixx, 474 Unter- 
suchungen liber die Lungenfilllung bei Krankheiten 
Bohr, C , Deutsches Arch f khn Med , 1907, Ixxxviii, 385 Die funktionellen 
Anderungen in der Mittellage und Vitalkapazit&t der Lungen 
Bruns, 0 , Med Khn , 1910, vi, Band II, 1524 Die Bedeutung der spiro- 
metnschen Untersuchung von Emphysematikern und Herzkranken 
Campbell, J A , and Hill, L , J Physiol , 1931, Ixxi, 309 Concermng the 
Amount of Nitrogen Gas in the Tissues and its Removal by Breathing 
Almost Pure Oxygen 

Davy, H , Researches Concermng Nitrous Oxide London, Johnson, 1800 
Dung, A , Zentralbl f Physiol , 1903, xvii, 258 tlber die Grosse der Residual- 
luft 

Gr6hant, N , Compt rend Soc de biol , 1887, S6r 8, iv, 242 Perfectionne- 
ment du proc6d6 de mesure du volume des poumons par I’hydrog^ne 
Grollman, A , and Marshall, E K , Jr , Am J Physiol , 1928, Ixxxvi, 110 The 
Time Necessary for Rebreathing in a Lung-Bag System to Attain 
Homogeneous Mixture 

Hasselbach, K A , Deutsches Arch f khn Med , 1908, xaii, 53 Ober die 
Einwirkung der Temperatur auf die vitale Mittellage der Lungen 
Deutsches Arch f klin Med , 1908, xau, 64 Ober die TotalkapazitSt 
der Lungen Deutsches Arch f khn Med , 1912, cv, 440 Chemische 
Atmungsregulation und Mittelkapazitht der Lungen 
Herxheimer, H , and Kost, R , Ztschr f klin Med , 1931, cxvi, 88 Unter- 
suchungen liber den Gasstoffwechsel bei verschiedenen Arten der 
Hyperventilation 

Hill, A V , Long, C N H , and Lupton, H , Proc Roy Soc , B, 1924, xcvii, 84 
Muscular Exerase, Lactic Aad and the Supply and Utilisation of 
Oxygen — Parts IV-VI 

, /flutchinson, J , Lancet, 1846, i, 630 On the Capaaty of the Lungs, and on 
‘ the Respiratory Movements, with the View of Establishing a Prease 

and Easy Method of Detecting Disease by the Spirometer 
Kochs, W , Ztschr f khn Med , 1884, vii, 487 Ueber ane neue Bestimmungs- 
wase der Grosse der Residualluft bam Lebenden Menschen 


Krogh, A , and Lindhard, J , J Physiol , 1917, li, 59 The Volume of the 
Dead Space in Breathing and the Mixing of Gases in the Lungs of Man 

Ijvingstone, J L , Lancet, 1928, i, 754 Vanations in the Volume of the Chest 

with Changes of Posture 

^^undsgaard, C , J Am Med Assoc , 1923, Ixxx, 163 Determination and 
' Interpretation of Changes in Lung Volumes in Certain Heart Lesions 

Lundsgaard, C , and Schierbeck, K , Proc Soc Exper Biol and Med , 1922, xx, 
151-167 Studies on Lung Volume IV Investigations on Admixture 
of Air in the Lungs with Other Air Acta med Scandinav , 1923, Iviii, 
470, 486, 495 and 541 Untersuchungen liber die Volumina der Lungen 
I-IV 



RONALD V CHRISTIE 


1117 


. LundsgaanJ, C , and Van Slyl^e, D D , J Exper Med 1918, xxvii, 65 Studies 
onLung Volume. I Relation between ThoraxSizeandLungVoluraem 
Normal Adults 

Marshall, E K , Jr , and Grollman, A, Am J Physiol, 1928, Ixxxvi, 117 
A Method lor the Determination of the Circulatory Minute Volume in 




Man 

eakins J C , and Chnstie, R V , Ann Int. Med , 1929, ui, 423 Lung 
Volume and its Vanations 

Morawitz, P and Siebeck, R . Deutsches Arch f Uin Med , 1909, xcvii, 201 
Die Dyspnoe durch Stenose der Luftwege. (1) Gasanalytische Unter- 


suchungen 

Neupaur J , Deutsches Arch f klin Med , 1879, xxiii, 481 Die physit^iechen 
Grundlagen der Pneumatometne und des Luftwechsels in den Lungen 
Panum, P L , Arch f d ges Physiol , 1868, v (0, 125 Vntersuchungen Dber 
physiologischen Wirkungen der compnmirten Luft 
Peabody, F W and Sturgis, C C , Arch Int Med , 1921, xxviii, SOI Clinical 
— Studies of the Respiration VII The Effect of General Weakness and 
Fatigue on the Vital Capacity of the Lungs 
Peters, J P , and Barr, D P , Am J Physiol , 1920, Uv, 335 Studies of the 
Respiratory Mechanism m Cardiac Dyspnea II A Note on the 
Effective Lung Volume in Cardiac Dyspnea 
PflOger E , Arch f d ges Physiol , 1882, xxix, 244 Das Pneumonometer 
Rubow, V , Deutsches Arch f Win Med , 1908 xai, 255 Untersuchungen 
Qber die Atmung bei Henkrankhelten Ein Beitrag rum Studium der 
Pathologie des Weinen Kreislaufes 

Schenck, F , Arch f d ges Physiol , 1894, Iv, 191 Ueber die Bestimmung 
der Residualluft Arch f d ges Physiol , 1894, Iviii 233 Zur 
Bestimmung der Residualluft. Arch f d ges Physiol , 1895, lix, 554 
Nochmals zur Bestimmung der Residualluft. Arch f d ges Physiol , 
1895, ba, 475 BeitrSge zur Mechamk der Athmung 
Schneider, E C , Am J Physiol , 1930, xa, 390 A Study of Respiratory and 
Circulatory Responses to a Voluntary Gradual Forcing of Respirabon 
Sendroy, J , Jr , Hiller, A , and Van Slyke, D D , J Exper Med , 1932, Iv, 
361 Determination of Lung Volume by Respiration of Oxygen without 
Forced Breathing 

Siebeck, R , Deutsches Arch f Win Med , 1910, c, 204 tJber die Beeinfluss 
ung der Atemmechamk durch krankhafte Zustfinde des Respirations — 
und Kreislaufapparates Deutsches Arch f Win Med , 1911, cii, 390 
Ober den Gasaustauch zwischen der Aussenluft und den Alveolen 
III Die Lungenventilation beira Emphysem Ztschr f Biol , 1911, Iv, 
267 Ober den Gasaustauch zwischen der Aussenluft und den Alveolen 
Deutsches Arch f Win Med , 1912, cvu, 252 Die funkhonelle Bcdeut- 
ung der Atemmechamk und die Lungenventilation bd Kardialer Dysp- 
noe. 

Thiel, K , Ztschr f d ges exper Med , 1929, Ixvii, 810 tJber Mittellagen 
veranderung durch Stenosierung der oberen Luftwege. 

Tobiesen, F, Skandinav Arch f Physiol, 1911, xxv, 209 Spirometnsche 
Untersuchungen an SchwindsQchtigen 

jfi^Van Slyke, D D, and Bingcr, C A L, J E.xpcr Med, 1923, xxxvn, 457 
The Determination of Lung Volume without Forced Breathing 
Weiss, R., Ztschr f d ges exper Med , 1928 Ixi, 357 Ober die Durchmisch 
ungsverhaltniESC in der Lunge bci der Bestimmung des zirkulatonschen 
Minutenvolumens 



1118 


LUNG VOLUME 


Wjlson, W H , J Phvsiol , 1927, Ixiv, 54 The Influence of Posture on the 
Volume of the Reserve Air 

Wolf, H J , Ztschr f d ges exper Med , 1928, Ixii, 217 Die nervose Atmungs- 
regulation bei der Lungentuberkulose I Das Verbal ten der respira- 
torischen Mittellage bei Stenose, tJberdruck und Unterdruck Ztschr 
f d ges exper Med , 1928, Ixii, 696 Die nervose Atmungsregulation 
bei Lungentuberkulose II Das Verhalten der Lungenvolumina 
Ztschr f d ges exper Med , 1928, Ixiii, 616 Die nervose Atmungs- 
regulation bei der Lungentuberkulose III Der Einfluss des kflnst- 
lichen Pneumothorax auf den Ausfall der FunktionsprQfungen der 
Atmung und auf das Verhalten der Lungenvolumina 
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At present there is no adequate study of the value of measuring renal 
fimcbon or the changes in blood chemistry m order to differentiate the 
toxemias of pregnancy from chrome nephritis or demonstrate the return 
of function of kidneys acutely damaged by severe toxemia or eclampsia 
It appears from work previously done that the urea clearance test of 
Van Slyke and his associates offers a much more accurate method of 
study of renal function than other tests in common usage For example, 
It has been shown that the blood urea clearance must usually fall below 
fifty per cent of its normal value before significant changes occur m blood 
creatinm, blood urea nitrogen, blood unc aad, or phenolsulphonephthalein 
values, and that only after the urea clearance falls below twenty per cent 
of normal is there usually a change in all of the above values (1, 2) 

Consequently, it seemed worth while to apply the urea clearance test 
to a senes of patients entenng the Boston Lying in Hospital with a 
diagnosis of toxemia or nephntis and to a similar group followed in the 
out-patient toxemia clinic of the Hospital It also appeared advisable 
to make a comparative study between data obtamed from the urea 
clearance test and those obtamed from other more common methods for 
studying kidney function In this report, such comparative data have 
been limited to the blood nonprotein nitrogen, blood unc acid, blood 
urea nitrogen, one-hour water test for dilution and concentration, and 
the phenolsulphonephthalein test 

The patients were classified into toxemic, chronic nephritic and 
eclamptic groups and a normal pregnant control group The dividing 
line between toxemia and chronic nephnbs was frequently indefinite, 
but an attempt was made to include under chronic nephnbs the following 
pabents those who had a definite history of nephnbs just before becom- 
ing pregnant, those who had a high blood pressure and albuminuria in the 
early months of pregnancy (up to the fifth month), and those who 
continued mth high blood pressure (over 160 mm Hg systolic) for some 
months after delivery A fen of the last menboned are probably not true 
nephnbes at the present bme, but for the purpose of this report are 
considered thus unbl proved othermse Pabents were classified as 

1H9 
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toxemics when they had blood pressures over 140 mm systolic and showed 
albumin in a catheter specimen A few of the toxemics were severe 
enough to be called pre-eclamptic The toxemics were all in the latter 
part of pregnancy (after the seventh month) The eclamptics all had 
hypertension, one or more convulsions, diminished urine output, and 
alburmnuna 

METHODS AND NORMAL VALUES 

1 Nonprotein nitrogen was determined by the method of Fohn (16) 
The normal limits are 25 to 40 mgm per cent, although it is normally lower in 
pregnancy 

2 Unc aad was determined by the method of Fohn and Benedict (15) 
The normal limits are 2 5 to 5 0 mgm per cent 

3 Blood urea nitrogen was obtained by the gasometnc method of Van 
Slyke (3) Although the upper limit of normal is 23 mgm per cent, it is lower 
in pregnancy Fohn gives 5 to 9 mgm per cent as the normal range in preg- 
nancy We have taken 12 5 mgm per cent as the upper limit of the blood urea 
nitrogen in normal pregnancy 

4 The one-hour test was earned out as follows breakfast is omitted and 
1000 cc of water is given at 8 00 A M , speamens are collected hourly until 
lunch, which is dry, and then at 4 P M and 6PM Normally, a patient 
should dilute to 1 003 or less, concentrate to 1 024 or more and excrete the liter 
of water in the first four hours The normal pregnant patients and a few pa- 
tients in the other groups were given concentration tests, i e four urine samples 
were collected hourly in the morning after abstaining from fluids for twelve 
hours Normally, a patient should concentrate to 1 025 

5 The phenolsulphonephthalein test was done as follows after the patient 
has voided, the dye is given intramuscularly A glass of water is then given 
and repeated in one hour Two hours and ten minutes after the injection, the 
unne is collected, made alkaline and compared with standards (17) Normally, 
at least 55 per cent of the dye is excreted 

6 The urea clearance test was done as follows the patient is given nothing 
to eat or dnnk after midmght before the test Breakfast is omitted At 
7 45 A M she is given 200 cc of water At 8 00 A M the patient voids and is 
immediately cathetenzed for residual unne If the residual unne is over 30 cc 
she IS cathetenzed two hours after the first cathetenzation, otherwise she is 
allowed to void at 10 A M A blood sample is taken one hour after the first 
voiding The urea in blood and unne was determined by the method of Van 
Slyke (3) The patient is kept in bed dunng the test The height and weight 
is obtained The clearance may be expressed in “the number of cc of blood 
cleared of urea per minute," or in per cent of normal clearance, which we have 
used because it is easier thus to compare the standard with the maximum 
clearance For derivation of formulae, see papers of Van Slyke and assoaates 
(4, 5, 7, 8) Correction for body surface was applied (6) The lower limit of 
normal is about 80 per cent 

RESULTS OF BLOOD CHEMICAL STUDIES AND FUNCTIONAL TESTS 

In Tables I, II, III and IV, we have summarized the results of the 
entire study In instances where more than one test has been done, 
we have simply indicated the range of values without regard to sequence 
Ineismuch as we are interested primarily m the comparison between the 
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urea clearance values and the values found in other tests, we have sepa 
rated, wherever possible, the data in these tables into two sub-groups, one 
containing those cases in which the urea clearance was normal and the 
other, those cases in which the urea clearance was abnormal 

TABLE 1 


Toxtmta group 


21 

cases 

Non 

protdn 

nitTOccn 

Blood 

urea 

nltrocen 

Uric 

odd 

One-botir te»t 

Phenol 

tolpbone- 

phtbaleln 

Urea 

deamnce 

Lov 

tpeciAc 

Emvity 



mgm* p€r 
lOOct, 

#wr 

100 u. 

mr" Ptr 

100 cc. 



C(Mi 

ptr ctni of 
normal 


Sub-Group I (Normal Urea Clearance) 


II 

1 

48 





178 

III 

26-29 

62 

3 5-3 4 




157 

IV 

28-31 

67 

51 

1 002 

1 010 

40 

108 

V 

20-25 

46 

2 7-3 7 

1007 

1018 


144 

VIII 

30-39 

10 6 

3 1-4 0 

1 003-05 

1 012-15 

50 

90-109 

IX 

30-31 

44 

3 0-S2 

1007 

1018 


130 

X 

22-34 

5 6-10 3 

34-3 4 

1002 

1026 

40 

80-123 

XI 

22 

46 

39 

1 008 

1 021 


107 

XII 

25 

36 

83 




116 

x\a 

25 

4 8-5 2 

38 

1002 

1 025 

75 

112-125 

XVIII 

33-40 

12 2 

3 7-5 7 

1 005 

1 022 


161 

XX 

24-43 

4 1-5 8 

34-6 2 




101-160 

XXI 

27-30 

2 8 

3 4-3 7 

1 008 

1 026 

40 

173 


Sub-Group 11 (Low Urea Clearance) 


1 

31-41 

33-41 

27-28 

30-39 

27-31 

35-40 

24-31 

79 

7 9-12 
80-86 

6 7-8 6 

6 3-94 
11 9 

64 

56 

3046 
30-61 
38-44 
40-4 1 

4 2-54 
34-3 7 
35 

1 006-07 

1 009 

1 003 

1 002-05 

1 002 

1 005 

1 005 

1 010-26 

1 016 
1025 

1 010-13 

1 020 

1 022 

1 016 

60 

55 

SO 

79 

36-93 

58-86 

60-97 

66-99 

66 

79 

70-90 

Averages for entire 







group 

30 

69 

43 

1 005 

1019 

51 

111 

Per cent abnormal 







findmgs 

0 

0 

11 

82 

63 

14 


Toxemia group 

In the sub group in which the urea clearance tests are wnthin normal 
liimts, abnormalities appear in the other tests, particularly in the uric 
aad and one-hour test In like manner, in the sub-group in which the 
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urea clearance values are low, normal values appear in the other tests, 
including the one-hour test In other words, the urea clearance values 
do not agree with the values for the other tests, nor do the findings among 
the other tests agree with each other It is apparent, therefore, that the 
values for the urea clearance test are independent of values found among 


TABLE n 

Chrontc nephnhc group 


17 

cases 

Non- 

protein 

nitrogen 

Blood 

urea 

nitrogen 

Uric 

acid 

One-hour test 

Phenol- 

sulphone- 

phthaleln 

Urea 

clearance 

Low 

specific 

gravity 

High 

specific 

gravity 


mgm per 
100 cc 

mgm per 
100 cc 

mgm per 
100 cc 



per 

cent 

per cent of 
normal 


Sub-Group I (Normal Urea Clearance) 


XXII 

20 

62 

30 




84 

XXXI 

29 

3 8 

42 




84 

XXXVII 

26 

7 2 

65 

1 006 

1 020 

50-55 

111 


Sub-Group II (Low Urea Clearance) 


XXIII 

30-37 

5 1-10 8 

3 1-4 6 

1 003-07 

1 011-18 

20-80 

66-76 

XXIV 

29-31 

7 2-9 6 

4 6-5 4 

1 005 

1 013-20 


51-72 

XXV 

29-57 

12 7 

6 5-8 0 




26 

XXVI 

35-41 

4 6-6 6 

2 9-5 0 

1 008 

1 017 

50 

54-85 

XXVII 

21 

88 

28 

1 003 

1 023 


31 

XXVIII 

39-46 

6 7-10 1 

4 6-5 4 

1 002-05 

1 013-15 

15-60 

57-75 

XXIX 

24-28 

8 5 

4 0-41,4 

1 005 

1 020-30 

40 

59 

XXX 

38-39 

8 6-22 0 

4 2-4 7 

1 010 

1 020 

40 

32-50 

XXXII 


8 5 


1 004 

1 017 


71 

XXXIII 

27-29 

90-9 2 

3 6-5 0 

1002 

1 014-24 


79-81 

XXXIV 

28-38 

9 4-12 1 

4 1-5 2 

1 006-20 

1 022-24 

45 

76-121 

XXXV 

22-30 

16 9 


1 003-07 

1 020-25 


41 

XXXVI 

28-39 

14 2-15 1 

4 7-5 7 

1 006 

1 034 


41-78 

XXXVIII 

37-39 

13 8 

4 9-5 1 

1 000 

1 017 


28 

Averages for entire 







group 

32 

9 8 

46 

1 005 

1 020 

45 

64 

Per cent abnormal 







findmgs 

12 

29 

20 

79 

100 

67 


the other tests employed It also appears that in the toxemia group a 
large percentage of the urea clearances (87 per cent) are within normal 
limits Furthermore, we have data, not included in the table, on a group 
of sixteen patients with a previous history of toxenua, eleven of whom are 
now pregnant again In this group we have found normal urea clearances 
throughout 


































DAVID BUEWITZ AND W RICHARD OHLER 


1123 


Chronic nephrtltc group 

In the sub group of normal urea clearances, we have recorded only 
three cases It is possible, however, that the urea clearance values in 
Cases XXXIII and XXXIV might well be considered within normal 
limits It will be noted that the highest values for the urea clearance in 
the chronic nephntic group are to be found in Case XXXIV and Case 
XXXVII It so happens that there is some question concermng the 
clinical diagnosis of nephntis in these two cases, discussion of which will 
be found later in the text. In the remaining two cases in Sub group I 
(XXII and XXXI), the urea clearance values are only shghtly above 


TABLE m 
Edampttc group 


5 

C&MI 

Non 

prottin 

mtrofen 

Blood 

area 

nitrocen 

Uric 

One- hour teit 

Pbenol- 

•nlphone- 

pbthaJeJn 

Urea 

clearance 

Low 

•pecific 

gravity 

R| 


eif* Ptr 

100 a. 

wttft P<r 
lOO u. 

100 u. 



P*r 

cmt 

fer etnt 
norwutl 


(Low Urea Clearance) • 


XXXIX 

XL 

XLI 

XLII 

XLIII 

32-^ 

36 

26.43 

32-33 

37 

g 



1 

70 

40 

80 

55-80 

8 

70-82 

16-82 

57-150 

Averages for entire 







group 

36 

10 7 

52 

1 006 

1 020 

63 

61 

Per cent abnormal 







findings 

0 

40 

60 

100 

67 

60 


• All eclampUcs had at least one abnormal urea clearance 


the lover limit of normal Apart from the above five cases, the urea 
clearance findings for the group stand out as defimtely abnormal 
Furthermore, a comparison of the urea clearance values vith values for 
the other tests reveals the same lack of agreement as was noted in the 
toxemia group In the clinical matenal under consideration, we are 
dealing with cases in which nephritis, if present at all, is present to only a 
slight or moderate degree In other words, we are seeking a method of 
detecting early kidney damage As a result of our studies, we are forced 
to conclude that tests other than the urea clearance test do not give 
informabon sufficiently reliable or consistent to be of value in the problem 
of differential diagnosis here presented It is true that our clinical group 
is a small one, but it is also true that our conclusions are in agreement 
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With the findings at the Boston Lying-in Hospital where the above men- 
tioned tests have been done as a routine for a period of years Whether 
or not the urea clearance findings are of value as an aid in the ultimate 
diagnosis, we can not say until the clinical matenal has been observed 
over a period of time We can say this much, however, that in the group 
here presented, the urea clearance findings compare favorably with 
clinical impressions 


TABLE IV 


Normal pregnancy group 


5 

cases 

Non- 

protem 

nitrogen 

Blood 

urea 

nitrogen 

Uric 

aad 

One-hour test 

Phenol- 

sulphone- 

phthalein 

Urea 

clearance 

Low 

specific 

gravity 

High 

specific 

gravity 


mgm per 
100 cc. 

mgm per 
100 cc 

mgm par 
100 cc 



per 

call 

per cent of 
normal 


(Normal Urea Clearance) * 


XLIV 

XLV 

XLVl 

XLVII 

XLVIII 


80 

7 0 

4 8-6 8 

7 1-9 8 
50 



1 032 

1 019 

1 021 

1 032 

1 024 


93 

83-97 

136-154 

129-161 

115-153 

Averages for entire group 6 9 

Per cent abnormal findings 0 



1 026 

40 


127 

0 


* There v ere no abnormal urea clearances in the normal pregnancy group 


Ecl-ampHc group 

In this small group of eclamptics, each patient had at least one ab- 
normcil unc acid determination and one abnormal urea clearance A 
more detailed discussion of the individual cases follows 


Normal pregnancy group 

Three of the patients in this group showed a lack of ability to con- 
centrate urine to 1 025 whereas none of them showed any abnormalities in 
the urea clearance test 


GENERAL DISCUSSION OF THE UREA CLEARANCE FINDINGS 
In our study there were one hundred three urea clearance tests done 
on sixty-four patients In the toxemia group, the average urea clearance 
was 111 per cent, which is well above normal In eight cases the urea 
clearance was slightly low dunng the acute stage , the five that could be 
repeated became normal In general, our results m the toxemia group 
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differ from those of Spalding, Shevky and Addis (11), who found low 
Addis ratios in toxemia Their cases, however, included edamptics and 
chronic nephntics Stander’s (12) results are similar to ours In 
patients with a previous toxemia, the average of the tests done on those 
pregnant again without toxemia was 126 per cent One m the senes 
was low but was normal a few weeks later A non pregnant group with a 
history of previous toxemia all were normal (average 91 per cent) 

The urea clearance m the chronic nephritic group averaged 64 per cent 
(about one half the average normal pregnant value) One patient 
(XXXIV) had normal urea clearances the first two times (121 and 104 
per cent) She was a thirty-eight year old multipara who had a high 
blood pressure and a cloud of albumin in the fifth month, with a history 
of sirmlar trouble in her last two pregnancies Her third urea clearance 
was slightly low (76 per cent) After a hysterectomy, she had contmued 
to have hypertension, but the albumin cleared up in a week Two other 
patients (XXXIII and XXXVII) had hypertension, 160 to 170 systolic, 
but no albumin since delivery, — one was two to three months postpartum, 
the other about a year The urea clearances of the first averaged 79 
per cent (borderhne) while that of the second was 111 per cent. These 
patients had hypertension but were not definite nephntics Repeated 
tests on them would be interesting We do not believe it fair to make a 
diagnosis of nephntis on the basis of an increased blood pressure alone 
The urea clearance in the eclamptic group averaged 61 per cent 
The group is small and the results scattered because of the marked 
differences in the general and renal condition of the patient The first 
patient was a very sick eclamptic who ran a high blood pressure (190 
systolic, 85 diastolic) for thirteen days and then had a drop to 130 
systolic, 100 diastolic and had albumin for eleven days after delivery 
Her last test was 55 per cent, which was lower than her earlier tests 
We have not seen her since her discharge and it is too early to say much 
about persistent rSnal impairment. The next case with 8 per cent was 
almost anunc dunng the test and died the next day The fourth case 
m the eclampsia group showed a steady nse m urea clearance — the first, 
16 per cent, was dunng her sickest penod when unne was scanty, the 
second, 48 per cent, was done two weeks later, and the third, 82 per cent, 
about two months after leaving the hospital when she felt perfectly well, 
had no elevation of blood pressure or albumin in the unne This nse in 
urea clearance with the patient’s recovery is very striking We hope to 
extend our observations to other cases of this sort Apparently in 
eclampsia, the urea clearance is low not only because of the decreased 
volume output, but also because of a low urea concentration factor In 
our small senes, there was either a stnkmg return to normal clearance, 
or there was a persistently low clearance value as m the first eclamptic. 
Possibly the latter wall go on to chronic nephntis as is knowm to occur so 
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often after eclampsia (13) Further application of this test to the 
eclamptic group is desirable and may give very important information 
In the normal pregnancy group the average of the urea clearances is 
127 per cent, which is higher than the average non-pregnant normal 
Spalding, Shevky and Addis also obtained high results in the Addis 
ratio in normal pregnancy (11) Possibly this explains the low blood 
urea mtrogen found in normal pregnancy (10) The normals were first 
obtained at about the fifth month of pregnancy and are being followed 
throughout pregnancy 



UREA CLEARANCE IN PER CENT 

Fig 1 Distribution of Urea Clearance Tests in Normal Pregnancy, 
Toxemia, Eclampsia and Chronic Nephritis 

Figure 1 illustrates the distnbution of individual urea clearance tests 
in toxeima, eclampsia and chronic nephritis It is noteworthy that 
below 75 per cent (lower limit of normal) all but six tests were m nephntics 
and eclamptics Of these, four Avere repeated soon after and found to be 
normal, the other two have not returned to the clinic There are seven 
normal clearances in the nephntic group on six patients, of whom three had 
other low tests and two were questionable nephntics impossible to diag- 
nose at the present time It may be seen that the preponderance of 
tests done in the chronic nephritic group was below 80 per cent, while 
that of the toxemic group was above 80 per cent The tests done in the 
eclamptic group were scattered for reasons mentioned above 

Van Slyke and Cope (14) have recently descnbed a simplified method 
of determining the urea clearance, which, while it is not qiute as accurate 
as the method used above, saves time when several determinations are 
made at once 

We wish to acknowledge the interest and aid of Dr F C Irving, 
Dr Saul Berman, and Dr M V Kappius Mr James Quinn made the 
routine chemical analyses 
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SUMMARY AND CONCLUSIONS 

1 Blood chemistry tests, phenolsulphonephthalem and one-hour 
tests did not help in the differentiation between chrome nephntis and 
acute toxemias 

2 One hundred three urea clearance tests were done on 64 patients 
falling m groups of normal pregnant, toxemics, eclamptics, patients who 
had toxemia in a previous pregnancy, and chrome nephntics 

3 The urea clearance checked up well with the clinical diagnoses 
with only a few exceptions It was found to be higher than the usual 
normal limits m normal pregnancy, normal in toxemias, decreased in the 
acute stage of eclampsia (with tendency to rapid return to normal in one 
case) and low with a high degree of consistency in chronic nephntis 

4 The data suggest a correlation between the high urea clearance 
and the low blood urea mtrogen in normal pregnancy 
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GASTRIC JUICE IN PERNICIOUS ANEMIA 

Several authora have indicated that the determination of the hydro- 
chloric aad, in itself, is not an adequate measure of the impairment of the 
secretory acbvity of the gastric mucosa Michaelis (1) demonstrated 
this fact by the simultaneous determination of acid and enzymes in 
gastnc ]uice from cases of low and high acidity and achylia Polland 
and Bloomfield (2) stated that a low pepsin output is a more delicate 
index of gastnc function than low aad values Davies (3) sitmlarly 
reported low pepsin values in the achylia of pemiaous anenua 

Smce the determination of the enzyme content of the gastnc juice 
may be a valuable aid in the differential diagnosis of certain types of 
anemia, we are presentmg the data that we have obtained in a senes of 
pemiaous anemia cases and normal controls In a later paper data will 
be presented on secondary anemia and some obscure types of anemia 
In this senes of expenments we have determined the gastnc enzymes, 
pepsin and rennin, the free and total aad, the hydrogen ion concentration 
and the nitrogen, chlonde, and phosphorus content, in order to determine 
as fully as possible the extent of the dysfunction of the gastnc glands in 
the achylia gastnca occunng in patients with pemiaous anemia 

MATERIAL AND METHODS 

Ten young, healthy adults who worked in the hospital and nho had no 
evidence of disease, were used as controls in these expenments All of the 
forty seven patients with permaous anemia were proven cases, and a more 
detailed descnpUon of them will be found later in the paper 

No food or dnnk was given to the subjects between the evening meal and 
the morning of the tesL Early in the monung the fasting contents were 
remov ed by means of a Rehfuss tube, after which 0,5 mgm of histamine hj dro 
chlonde was injected All patients developed a generalized erythema follomng 
the injection Subsequent samples of the gastnc juice were collected at 
twenty minute intervals over a penod of eighty minutes, great care being 
taken to remove as completelj as possible all of the gastnc contents at each 
■mthdrawal The patients were advised to take particular care not to swallow 
saliva. 

To fourteen of the forty seven patients with pernicious anemia intravenous 
liver extract was given at the end of the sixtj minute period, and two more 
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samples of gastnc juice were collected Each specimen of gastric juice was 
measured in a graduated cylinder and was filtered through paper before using 
It for analysis The presence or absence of bile, blood, and mucus was noted 
The pH was determined by means of the colonmetnc method of Brown (4) 
using one drop of gastnc juice, the free aad by Sahh’s method using 1 cc of 
juice, and the total aad on 1 cc of juice, titrating with N/lOO sodium hydroxide 
using phenolphthalein as an indicator Chlondes were measured by Wilson 
and Ball’s modification (5) of the Van Slyke method, and nitrogen was deter- 
mined, using 0 5 cc of gastnc juice, by the gasometnc method of Van Slyke (6) 
Phosphorus was determined by Fiske and Subbarow’s method (7) One- 
half cc of the samples of gastnc juice obtained from patients with perniaous 
anemia were digested in pyrex test tubes graduated to a volume of 10 cc 
Larger samples, depending upon the aadity, were used when the subjects were 
normals When normal juice was preapitated with tnchloracetic aad, the 
filtrate contained practically the same amount of phosphorus as the whole 
juice, whereas, with samples from patients with permaous anemia, we were 
unable to get clear filtrates after trichloracetic aad preapitation, and, therefore, 
the total phosphorus was determined on the whole juice 

Pepsin was determined by the method of Koch and McMeekin (8) — a 
simple, rapid, and accurate method, for which only one cc of gastnc juice was 
required The substrate employed in this method was coagulated egg white, 
which IS particularly useful in the determination of pepsin in gastnc juice, 
since trypsin is not able to act upon it to an appreaable extent 

The coagulated egg white was prepared as follows a 20 per cent solution 
of Merck’s powdered egg white (or albuimn) was prepared and coagulated with 
heat by plaang it in a boiling water bath for fifteen minutes, stimng vigorously 
throughout the coagulation penod The coagulated egg white was filtered 
through cheese cloth, and was broken up into small pieces by passing it through 
a fine meat chopper It was then shaken with an excess of 0 3 per cent hydro- 
chlonc aad for two hours, at 40° C , to remove inorganic salts, colored ex- 
tractives, and other substances which are soluble in 0 3 per cent hydrochlonc 
aad, thereby reduang the soluble mtrogen blank of the egg white The 
coagulated egg white was filtered through gauze with the aid of suction and was 
thoroughly washed with distilled water It was then spread out on trays and 
dried in a current of warm air After drying, it was ground so as to pass through 
an aghty mesh sieve 

To determine the amount of peptic activity, 4 grams of egg white were 
suspended in 99 cc of 0 3 per cent hydrochlonc aad in a 125 cc Erlenmeyer 
flask, at room temperature Then 1 cc of gastnc juice was added The 
solution was shaken and placed in an incubator at 40° C for two hours where 
It was rotated vertically dunng the entire penod of incubation ^ After the 
two hour incubation penod, the solution was filtered by decantation through 
18 cm quantitative filter paper The refractive index was determined at 
25° C on the filtrate by means of an emersion refractometer, and the readings 
were converted into “milligrams of pepsin” (1 to 4,000) by means of a table 
prepared by Koch and McMeekin (8) Since the concentration of pepsin is so 
low in gastnc juice obtained from patients with perniaous anemia, only two 
grams of egg white were used as a substrate, and the total volume of aad was 
made up to 50 cc instead of 100 cc Otherwise, the method was identical with 
that used with normal juice 


^ The water bath and shaker, designed by Doctor Koch, was obtained from 
the Arthur H Thomas Company, Philadelphia 
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Rennm was determined by a method similar to the one descnbed b> 
Michaelis (1) Forty five cc. of fresh, raw cows milh and 5 cc. of a 10 per cent 
solution of crystalline calcium chloride were mixed Test tubes containing 
2 S cc, of this reagent were placed in the water bath at 40° C , and, when they 
had attained the temperature of the bath, gastric juice equivalent to 1/100 cc 
to 1 cc., defiending upon the renmt activity of the jmce, was added to the tubes 
and the clotting time noted The renmt acbvity was converted into “milli 
grams of renmn ' by referring to a table made by using the above technique 
on known concentrations of dried commercial renmn The clotting time with 
the known concentrations of renmn are shown in Table 1 

TABLE 1 

The doUtng time required far knoum amounts of dry commercial rennm 


Resmin 

Atweic dotUns Ume 

AvciEte dolttnc 

mgm 

UfOHdt 

mlnattl 


9 


1 0 

10.5 


0.S 

21 


0.3 

31 


0.2 

44 


01 

73 


0 075 

98 


0 030 

145 

1 63 

0 030 

222 

3 70 

0 020 

334 

5 90 

0 010 

650 

10 83 


RESULTS IN NORMAL SUBJECTS 

In Table 2 are tabulated the results of the analyses of the gastric 
juice obtained from ten normal subjects 

In Chart I, the values obtained in an average normal subject are 
plotted With the exception of one case, the fastmg samples contained 
only a trace of mucus After histamine stimulation, the juice became 
more watery, filtering with the greatest rapidity at the height of the acid 
secretion The greatest volumes of juice were obtained at the twenty 
minute penod and ranged from 35 to 80 cc., wnth an average of 56 cc 
In the fastmg samples the pH vaned from 1 6 to 7 2 The peak of 
the aad secretion wtis in the forty minute penod in the majonty of cases, 
w ith pH values of 1 1 or less The free acid at its peak ranged from 72 to 
140 cc, N/10 per 100 cc , and the total aad varied from 77 to 149 

The pepsin and renmn were secreted at the same rate, with the peak 
at twenty minutes At the height of secretion the pepsin vaned from 
1 4 to 7 1 mgm per cc , wnth an average of 4 6 mgm , and the renmn 
vaned from 15 to 70 mgm The concentration of enzymes in the gastnc 
juice did not follow the curve of aad secretion 

The mtrogen concentration fell after stimulation, which is in accord 
wuth the data in the literature ThelowestTaluesfor nitrogen were found 
at the peak of the aad secrebon The curve of the nitrogen concentraUon 
did not follow that of the enzymes This is contrary to the findings of 
Polland and Bloomfield (9), who stated that in normal persons the con- 



TABLE 2 

The volumes, pH values, free and total actd, pepstn, renmn, nUrogen, chlorides, and phosphorus values of the gastric juice of ten young healthy adults 
taken at twenty minute intervals following the injection of 0 5 mgm of histamine hydrochloride subcutaneously 
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GASTRIC JXnCE IN PERNICIOUS ANEMIA 


centration of pepsin falls markedly after stimulation and follows closely 
the curve of nitrogen concentration In all but one of our normal in- 
dividuals, there was an increase in enzyme concentration after histamine 
stimulation, whereas the nitrogen values were always lowered The 



Values from Gastric Juice of Normal Subject Number 4 (a Typical 
Normal) Following the Subcutaneous Injection of 0 S Mgm of 
Histamine Hydrochloride 

secretion of enzymes apparently influenced the nitrogen concentration in 
Case 2, Case 5, and Case 8 , after stimulation, there was the usual increase 
in acid, with a simultaneous increase in pepsin and rennin of greater 
proportions than usual, but with a comparatively smaller decrease in 
mtrogen concentration 
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The total chlonde concentration, xn general, followed the acid con- 
centration, however, the increase in chlondes was not in proportion to 
the change m aadity, and could not, in itself, account for the increased 
acidity Gamble and Mclver (10) and Austin and Gammon (11), 
using dogs with gastric pouches, stated that the chlonde concentration 
remamed almost constant dunng their expenments 

The total phosphorus concentration decreased as the aadity increased, 
reaching its low point at the height of the aad secrebon As the aad 
decreased, the phosphorus values returned to values approaching those 
of the fasting samples Bulger, Stroud, and Heideman (12) point out 
that, if much aad is produced, the phosphates deaease, and they attnbute 
the fluctuations to relative amounts of secretion from the mucous glands 
We have also found that if stimulation did not produce a secrebon of free 
hydrochlonc aad, the concentrabon of phosphate often increased 
Hoesch (13), too, showed that the phosphorus content was low when the 
aadity was high, and, in cases of anaadity or achylia, the phosphorus 
content of the gastnc jmce was high Hoesch believes that the antago- 
nism between chlonde and phosphate may be an important factor in the 
secretory mechanism that produces free hydrochlonc aad 

Bolton and Goodhart (14) believe that mucus is an important factor 
in controlling the acidity of the stomach, especially when there is only a 
small flow of gastric juice Since the mtrogen and phosphorus of the 
gastnc juice are probably secreted mainly by the mucous glands, the 
fall in both nitrogen and phosphorus with acbve aad secrebon combined 
with their subsequent nse as the acid secretion diminishes, might further 
point to an important rOle of gastnc mucus in the control of the acidity 
of the stomach 


RESULTS IN PERNiaOUS ANEMIA 

Table 3 records the results of the forty seven individual analyses, 
while Chart II shows the average of the results obtained m the forty- 
seven cases of pemiaous anemia The gastnc juice obtained in pabents 
with pemiaous rmemia was usually small in volume and contained much 
mucus, but the samples with the greatest volumes usually contamcd 
the least mucus Vineburg and Babkin (15), and Gilman and Cowgill 
(16) stated that histaimne did not sbmulate the gastnc enzymes but that 
pilocarpine did We did separate, complete gastnc anal3'se3 on one 
piabent, after 0 5 mgm histamine given subcutaneously, after 3 2 mgm 
pilocarpme subcutaneously, and after 20 cc. of liver extract intravenously 
There was pracbcally no difference in the three analyses, so we con- 
sidered histamine an adequate sbmulus Two pabents also had gastnc 
analyses after histamme sbmulabon, first while in relapse and again soon 
after remission had been induced by liver extract, and there were no 
differences in the gastnc findings 



The volumes, pH values, total actd, pepstn, renmn, nitrogen, chlorides, and phosphorus values of the gastric juice of forty-seven patients with per- 
nicious anemia, withdrawn at twenty minute intervals following the injection of 0 5 mgm of histamine hydrochloride subcutaneously 
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Patient received the amount of liver extract derived from 100 grams of whole hver, intravenously, immediately 
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Volume Histarmne stimulation caused an increase in volume over 
the fasting sample in twenty-five of the forty seven cases examined 
At the height of secretion, the volume varied from 4 to 83 cc., with an 
average of 22 cc The total volume secreted in sixty minutes varied 



Aierage Values from Gastric Juice of Fortt seven Patients with 
Pernicious Anemia, Following the Subcutaneous Injection of 0 S 
Mgm of Histamine Hvdrociiloride 

from 9 to 193 cc , with an average of 41 cc Follomng the injection 
of liver extract there was an increase in volume in all but one of fourteen 
cases 

The patients who had lower red blood cell counts tended to haie 
smaller volumes than those having higher counts Seven of eight patients 
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With red blood cell counts below three million had sixty minute volumes 
of less than 25 cc Patients with early or no central nervous system 
involvement more often had a greater volume of gastric juice than those 
with moderate or advanced central nervous system involvement It 
would seem that the patients with larger volumes more frequently had 
pH values of the gastric juice that decreased after histamine stimulation, 
although the volume had no relation to the exact pH value 

The percentage of pepsin in the individual samples bore little or no 
relationship to the volume , however, the patients with larger total volumes 
tended to have the higher total pepsin values, although a few of the 
patients with the highest volumes had the smallest amounts of pepsin 
The amoimts of rennin present seemed to have no relation to the volume 
of the sample Contrary to expectations, the percentage of phosphorus 
was higher in the samples with the greater volumes Likewise, in the 
cases with greater volumes, there was a higher percentage of cases in 
which there was an increase in phosphorus values over the fasting 
The samples having larger volumes usually had a higher percentage of 
chlondes The amount of nitrogen m a sample bore no relationship to 
the volume of the sample 

Actdtty In all samples there was an absence of free hydrochloric 
acid and the pH varied from 6 9 to 8 6 Only five of the forty-seven 
patients had not received liver extract medication previous to the gastric 
analj^is The length of time the others had been on liver extract medi- 
cation varied from a few months to five years This continued absence 
of free acid in the gastnc juice of patients with pernicious anemia, after 
oral liver therapy, is very well known, and it is interesting to note that 
the seventeen patients who have received liver extract by injection for 
from one to eight months still have an achylia gastrica The amount of 
total acid excreted in sixty nunutes varied between 0 and 30 cc N/lOO 
In only fourteen cases was there a measurable drop in pH value after 
histanune stimulation After liver extract injection there was no con- 
stant change in pH value The presence of bile in the samples caused an 
increase m the amount of total acid present and a lowering of the pH 
There was no relation between the amount of total acid present or the 
height of the pH and the clinical condition of the patient, except that 
only one of eight patients with red blood cell counts below 3 0 million 
had a pH value below 7 5m any sample However, in the fourteen 
instances in which the pH of the gastnc juice decreased after histanune, 
nine of the patients had only early or no central nervous system involve- 
ment The height of the pH bore no relation to the percentage of pepsin, 
renmn, phosphorus, chlorides, or nitrogen in the samples, but, in the 
cases with a decrease in pH value after histamine stimulation, there was a 
greater percentage with an increase in phosphorus, chlondes, and nitrogen 
Pepstn The pepsin in the gastnc juice was either totally absent or 
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present in essentially negligible amounts, varying between 0 0 and 0 20 
mgm per cc , with an average of 0 04 mgm The total amount of pepsin 
secreted in sixty minutes varied between 0 0 and 7 4 mgm , with an 
average of 1 8 There was a slight increase in the amount of pepsin 
after histamine stimulation in thirtv-three of the forty seven cases 
examined The injection of liver extract caused an increase in pepsin 
in seven of fourteen cases The clinical condition of the patient did not 
seem to show any relationship to the percentage of pepsin present in the 
samples Likewise, the amount of pepsin showed no relation to the 
height of pH, amount of phosphorus, chlorides, or nitrogen, although 
thirteen of seventeen cases with an increase in mtrogen after histamme 
also had an increase in pepsin A trace of bile in the specimen occasion- 
ally caused a slight increase in peptic activity, but even then the amount 
of pepsin foimd nas not over 0 17 mgm per cc Occasionally, when bile 
Wcis present, there was a total absence of peptic acbvity 

Renntn The amount of rennm present vaned from 0 0 to 0 19 mgm 
per cc., with an average of 0 013 The total amount of renmn secreted in 
sixty minutes varied from 0 to 4 0 mgm (average 0 42 mgm ) Because 
of the very small amounts of renmn present — the maximum m the patients 
with permaous anemia being only l/350th of the maximum in the normals 
— it was deaded to express the renmn in Chart II as either being present 
or absent. The presence of bile in the sample usually caused an increase 
in amount of renmn, but again there occasionally was no renmn in 
samples containing bile There seemed to be no relation between the 
amount of renmn in the gastnc sample and the clinical condition of the 
patient or the pH value, volume, amount of phosphorus, nitrogen, or 
chlondes The determination of renmn was a good check on the pepsin 
determination, as there was alwmys a proportionately greater decrease in 
the amount of renmn when there w'as a decrease in pepsm 

Nitrogen The amount of nitrogen present w'as definitely high in all 
samples The presence of bile in the samples caused a great increase in 
the amount of nitrogen, and, therefore, the nitrogen determinations were 
of no value in samples containing bile The amount of nitrogen present 
in the samples of gastnc jmce had no relation to the clinical condition of 
the patient An increase in the concentration of nitrogen was noted in 
BIX of eight patients who received lixer extract intravenously The 
amount of nitrogen present showed no relationship to pH values or to 
the amounts of phosphorus, chlondes, pepsm, or renmn 

Chloride The chlonde values were definitely low, but they did not 
seem to be as low as would be expected w ith a total absence of free hydro- 
chlonc acid — a few high values, obtained in pabents wnth achylia, were 
greater than some of the lower values obtained in normal persons 
There was an increase in chlorides after histamine sbmulation in only 
nine of tw enty fi^ e cases As has been showm abo\ e, there was a tendency 
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for speamens -with larger volumes to have higher percentages of chlorides 
There was no correlation between the amounts of chlondes and the pH, 
amounts of nitrogen, pepsin, rennin, and phosphorus in the samples 
Phosphorus The amount of phosphorus present was greatly in- 
creased m nearly all specimens In eighteen of twenty-five cases the 
phosphorus value mcreased after histamine stimulation As has been 
shown, the specimens with larger volumes more often had higher phos- 
phorus values, and a higher percentage of the specimens with larger 
volumes had an increase in phosphorus values after histanune stimulation 
There was no correlation between the phosphorus values and the pH, 
amounts of mtrogen, chlondes, pepsin, or rennin 

It IS evident from these findings that, while m normal persons there 
is a direct relationship between the free acid, total acid, chlondes, phos- 
phorus, and mtrogen in the gastric juice after histamine stimulation, 
there is absolutely no relationship between these substances m the gastric 
juice of patients with pernicious anemia 

Gastric juice findings in relation to maintenance dosage of liver extract 
All of the forty-seven patients in this group were clinically and 
hematologically typical of pernicious anerma, and either had had or 
subsequently have had good responses to liver extract admimstered by 
mouth or by injection The length of time that these patients have 
been on liver extract has vaned from 0 to 5 years Twenty-one of the 
patients have been followed at monthly intervals by this department for 
from over one to five years, and the remaining patients for only a few 
months Seventeen were in relapse (either mild or severe) at the time 
the analyses were made The red blood cell counts varied from 0 5 
million to 6 0 million and the hemoglobin percentages from 13 to 115 
per cent All degrees of central nervous system involvement were 
represented — from the very slightest to the most advanced stage where 
the patient was completely bedndden In this group of patients, some 
were able to mamtain their blood at normal levels on a very small daily 
amoimt of potent liver extract by mouth, while others were not able to 
do this on large amounts and required liver extract by injection 

An attempt was made to detemune whether the quantity or quality 
of the gastric juice bore any relation to the amount of liver extract 
required to mamtain the blood at normal levels There were thirty-one 
patients in the group who gave a history of having taken liver extract 
for a sufficient penod of time to be considered Six of the thirty-one 
were in relapse at the time the gastnc analyses were taken Since it has 
been shown that patients with a low red blood cell coimt have smaller 
amounts of gastnc juice than those with a high red blood cell count, it is 
difficult to correlate the gastnc juice findings of the patients m relapse 
and the maintenance dosage , therefore these patients were excluded 
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It would seem that patients with larger volumes of gastnc juice, after 
histamine stimulation, more often were able to maintain the blood at 
normal levels on smaller amounts of hver extract However, all but two 
of the sixteen patients requinng more than the amount of liver extract 
denved from 300 grams of whole liver daily had one or more complications, 
such as moderate to advanced central nervous system involvement, 
generalized artenosclerosis, infections, non-mfectious complications 
(other than artenosclerosis), or chronic diarrhea Such complications, 
in themselves, have been shown by Beebe and Lewis (17) and by Fouts 
and Zerfas (18) to be present in a high percentage of patients requinng 
large daily amounts of potent liver extract These facts make it difficult 
to correlate the gastnc juice findings with the maintenance dosage of 
liver extract, however, it is interesting to note that, of nine patients with 
no complications, six had large total volumes of gastnc jmce and only 
one required more than 300 grams of liver daily, while one of the three 
patients havmg small total volumes reqmred more than that amount of 
liver 

The amount of pepsm per cc. of gastric juice had no beanng on the 
amount of liver extract required by a patient. Since the total amount of 
pepsin secreted in sixty minutes varied approximately as did the volume, 
the total amount of pepsm bore the same relationship to maintenance 
dosage of liver extract as did the volume The amount of rennin, like- 
wise, had no relation to the maintenance dose of hver extract The pH 
value, amount of total acid, amount of phosphorus, chlondes, and 
nitrogen had no correlation with the amoimt of liver extract required to 
maintain the blood at normal levels 

From these facts it is evident that the quantity and quality (as tested) 
of the gastric juice have little or no relationship to the maintenance dosage 
of liver extract The only positive finding was that larger volumes and 
larger total amounts of pepsin have a questionable correlation with the 
maintenance dosage Davies (3) found that two of his patients, who 
w-ere able to maintain their blood at normal levels with very small 
amounts of liver extract, had large amounts of pepsin We were not 
able to find appreciable amounts of pepsin or rennin in any of the forty- 
seven cases of pernicious anemia examined Also, we could not find any 
correlation between the small variabons in the amount of pepsin and the 
mamtenance dosage of liver extract We were unable to test the gastnc 
juice for the presence of, or for the quantitative changes in, the amounts 
of intnnsic factor of Castle If there are no qualitative or quantitative 
differences in the proteolytic enzymes of the small intestines of patients 
wnth pe^niaous anemia or in the amounts of the mtnnsic factor, it is 
evident that the ability of such patients to absorb the acti\e pnnciple 
contained in li\er extract largel> goxems the amount of lii'cr e.xtract 
required to maintain the blood at normal leiels, when the extract is 
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administered orally Castle (19) has suggested that there is a defective 
absorption of liver extract in some patients having pernicious anemia and 
further suggests that the inability to absorb the active principle from food 
IS of etiological importance in the disease 

CONCLUSIONS 

1 The gastnc juice of forty-seven patients with pernicious anemia 
and of ten normal persons, after histamine stimulation, has been studied 

2 The complete dysfunction of the gastric glands m patients with 
pernicious anemia was demonstrated by the following facts (a) Small 
volumes of juice containing large amounts of mucus, (b) Absence of free 
hydrochloric acid, with an actual alkaline reaction , (c) Practical absence 
of the gastnc enzymes, pepsin and rennin, (d) Low chloride concentration, 
(e) High nitrogen and phosphorus values, (f) No relation between total 
acid, pH, chlorides, nitrogen, and phosphorus as found in normal controls 

3 The quality and quantity of the gastnc juice of patients with 
pernicious anemia has little or no relationship to the maintenance dosage 
of liver extract 
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THE BLOOD FLOW IN THE BRAIN AND THE LEG OF MAN, 
AND THE CHANGES INDUCED BY ALTERATION OF 
BLOOD GASES' 
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IjihoratoTj of the Boston City Hospital, Boston) 

(Received for pubhcabon July 5, 1932) 

The solution of vanous neurological problems awaits an increase in our 
knowledge of the circulation of blood within the brain Much has been 
gained by the demonstration of Forbes (1) and his co workers that the 
pial vessels of the cat are under both vasomotor and chemical control 
These experiments consisted of actual inspection and measurement of pial 
vessels viewed through a window screwed in the skull, the pressure of the 
cerebrospinal fluid and of the blood bemg measured simultaneously In 
particular, Wolff and Lennox (2) showed that changes m the gaseous 
content of the blood had a prompt and dear cut effect on the diameter of 
pial vessels, an effect which was independent of the systemic blood pres- 
sure These authors observed that an increase in the carbon dioxide 
content of the blood was attended by an extreme dilatation of pial vessels 
whereas a decrease was followed by a constnction Variations in oxygen 
content resulted in relatively small changes An increase in oxygen 
tension produced a slight constriction and a decrease in tension a slight 
dilatation of the observed vessels 

There are two difficulties in the way of accepting these observations as 
significant of cerebral circulatory changes in man First, expenments 
were conducted on cats under amytal anesthesia Second, the vessels 
lying m the pial covenng of the brain may act differently from vessels 
lying within the brain Intracramal cu-culation is of such great impor- 
tance to the organism and is so modified by the closed box arrangement 
of the skull that there is need for specific experimentation in man 

Observations concerning blood flow through the brain of unanes- 
thetized persons seemed impiossible until Myerson, Halloran and Hirsch 
(3) demonstrated the feasibility of obtaining blood from the internal 
jugular vein By means of this procedure, we have repeated the experi- 
mental observations of Wolff and Lennox (2), using patients and judging 

' This IB paper XX m the senes of papers on "The Cerebral Circulation” 
from the Department of Neuropathology, Harvard Medical School It is also 
from the Thorndike Laboratory of the Boston City Hospital Work was done 
under a grant from the Harvard Epilepsy Commission 
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changes in circulation by alterations in the gaseous content of blood 
entenng and leaving the brain In addition we compared the brain 
changes mth those taking place in the leg 

A change m the oxygen content of venous blood dunng an expen- 
mental period might be indicative of alterations either in the oxygen 
consumption of the tissue traversed, or in the speed of the blood flowing 
through the tissues The oxygen consumption of tissues is not affected 
by the tension of oxygen in the blood, within limits which were not 
overstepped in these experiments Patients lay quietly throughout the 
period of observation, so that there was probably no great variation in the 
total metabolism It is therefore believed that observed changes in 
arteriovenous difference were due to alterations in the speed of blood 
flow Such change in pace might be consequent on change in heart rate 
and blood pressure, on variations in the number of open capillaries or on 
alterations m the size of artenoles The observed changes in A-V dif- 
ference did not parallel changes in systemic blood pressure or heart rate 
We believe alterations in the size of the vascular bed is the correct ex- 
planation This view is supported by animal experiments of Wolff and 
Lennox (2) in which pial vessels were watched under the microscope and 
by those of Bronk and Gesell (4) in which the volume of blood perfusing 
the head and leg was measured by means of thermopiles Both these 
experimenters observed that blood flow through the parts studied did not 
depend on blood pressure We believe that decreases in A-V difference 
(m which venous blood becomes more arterial-like) are due m our expen- 
ments to a dilatation of the artenolar bed, leading to an increased speed 
and volume of blood flow Increases in A-V differences (in which venous 
blood becomes more venous) are due to a constriction of the artenolar 
bed with a slowing of the blood stream 

MATERIAL AND METHODS 

The subjects used in this study were neurological patients at the Boston 
City Hospital, for the most part epileptics None had senous cardiac or 
pulmonary defect Observations were made only with those patients who 
expressed a willingness to cooperate in observations designed to increase 
knowledge concerning their intracranial arculation 

Observations were made in the morning, patients having fasted since the 
previous evening and having lain quietly for at least half an hour Blood was 
taken without stasis (after anesthetization of the overlying skin) under oil 
and was immediately chilled and analyzed in the portable Van Slyke apparatus 
(5) Duplicate measurements were made and differed no more than one-tenth 
of a volume per cent Artenal blood was taken from a brachial, radial or 
femoral artery Blood from the internal jugular vein was secured by the 
method descnbed by Myerson and assoaates (3), except that a small needle 
(1^ inch 20 gauge) was used and the head was kept in a comfortable position 
in a hne honzontal with the rest of the body 

In previous observations with the same procedure, such as those with his- 
tamine by Weiss and Lennox (6), a major difficulty had been the simultaneous 
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taking of blood from the various vessels In order to meet this difficulty, as 
well as the objection of repeated jugular punctures, we allowed the needles to 
remain in situ in the internal jugular and femoral veins during the minutes 
intervening between the drawing of the preliminary and the expenmental 
bloods A stylette was inserted in the needle to prevent leakage and clotting 
Blood was drawn simultaneously from the two veins, followed by puncture of 
the artery 

For purpose of comparison with the brain, a leg rather than an arm was 
used Blood from the femoral vein has passed through a relatively large pro 
portion of muscle and the circulation of the leg is not so readily affected by 
changes in temperature. 

In order to alter the gaseous content of the blood, variations in the composi 
tion of the alveolar air were induced The procedures used will be described 
later Because there was considerable vanabon in individual cases, observa 
bona of each expenmental procedure were made from three to ten bmes 
Individual measurements in each of the SO experiments are shown in the ac 
companying Table I 

RESULTS 

In order to distinguish the effects due to oxygen from those due to 
carbon dioxide, it was necessary to coter all the possible combinations of 
these gases Consequently observations were separated into nine groupis, 
with reference to whether the tension of oxygen or of carbon dioxide was 
increased, normal or decreased A first additional condition was the 
normal control 


1 Normal carbon dtoxtde — normal oxygen 
It IS important to know the amount of variation m the concentration 
of the gases in blood drawn from vessels at intervals In the control 
expenments, 15-20 imnutes elapsed between the first and second blood 
samples The average differences between successive samples (which are 
slight) are shown in Figure 1 

2 Increased carbon dtoxtde and oxygen 
In five instances, patients breathed a mixture of 90 per cent oxygen 
and 10 per cent carbon dioxide Interest attaches to these results because 
of the wide chnical use of a mixture of oxygen and carbon dioxide for the 
treatment of asphyxia, carbon monoxide poisoning and pneumonia The 
gas was administered from a compressed air tank by means of a face mask 
Some patients did not receive the full concentration because such violent 
hyperpnea was produced that dilution of the gas with air was necessary 
TTie mixture was breathed for 5-10 minutes before blood samples were 
taken 

As a result of breathing this mixture the carbon dioxide content of 
artenal blood was increased by 3 7 volumes per cent, and the oxygen 
content by 0 9 volume per cent (Figure 2) The increase in the oxygen 
content was possible because two of the patients had an initially low 
artenal oxygen saturation 
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The effect on the intracranial circulation was staking In all cases 
there was a great decrease in the A-V difference, blood leaving the brain 
being nearly artenal, as regards its oxygen content The average A-V 
difference was decreased from 6 7 volumes per cent to 2 8 volumes per 
cent, a decrease of 58 per cent This indicated a vast acceleration of 
blood flow through the brain, a result which is in agreement with the 
ammal expenments of Wolff and Lennox, which demonstrated a dilatation 
of pial vessels and an increase in spinal fluid pressiue when cats breathed a 


NORMAL CO. - NORMAL O. 


ICCNTENT 

V01_ 

PERCENT 


CO. 


5TL 


SO 


o. 


17 


IS 


ARTETUAL 

BLOOD 


BETORE DUfUNC 



A-V DirrCREWCC 

OXYGEN CARBON DIOXIDE 

g, _^rEMO(UL BLOOD 

I ^ 

^rCMORAL BLOOD 


JUGULAR BLOOD 
awSl 


2 
3 

•D 44 


o 

> 


JUCULAR BLOOD 


s 

5 i 

b. 

5 

> 
f 

< 


Fig 1 Normal Control Group, Subjects Breathing Room Air 
In this and all figures except the last, the columns in the left hand portion 
represent the oxygen and the carbon dioxide content of artenal blood before and 
dunng the expenmental penod The curves in the nght hand portion represent 
the alterations in the gaseous content of the blood dunng its passage through 
the tissues, i e the A-V difference before (B) and dunng (D) the procedure 
These changes refer to both oxygen (heavy hnes) and carbon dioxide (lighter 
lines) The A-V differences for the leg are represented by a dashed line and 
for the brain by a solid hne The steepness of the slant indicates the extent of 
the change A line slanting downward from left to nght means that there was 
increased A-V difference dunng the expenmental procedure and therefore a 
decreased speed of blood flow, due probably to a constnction of artenoles 
An upward slant of the line represents the opposite condition The vanous 
figures represent the average measurements of from three to 10 expenments 


similar mixture There is agreement also with the human expenments 
of Cobb and Fremont-Smith (7) who noted that the color of retmal veins 
approached that of arteries, when subjects breathed a mixture of oxygen 
and carbon dioxide 

In surprising contrast to the behavior of cerebral vessels, the average 
A-V difference m the leg changed almost not at all (from 5 0 to 5 1 
volumes per cent), an mcrease of two per cent Individual results varied 
widely This failure of the circulation m the leg to show changes similar 
to those m the brain is m keeping with the lack of a consistent rise or fall 
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m blood pressure If •vessels all over the body ivere to dilate m response 
to increased artenal carbon dioxide as strongly as do the cerebral vessels, 
there would be a dramatic fall of blood pressure 

3 Increased carbon dwxide — normal oxygen 
In these four expemnents, a Tissot tank was filled ivith atmosphenc 
air to which had been added suffiaent carbon dio'ude to make from four to 
eight per cent by volume, a concentration sufficient to induce intense 
hyperpnea, although as compared -with the pre'vious group of expenments, 
the gaseous content of the artenal blood was but little increased There 
was an a'verage increase of one •volume per cent in the carbon dioxide and 


INCREASED COr - INCREASED Q; 


A-V DIFFERENCE 

OXIUEN carbon DIOMIDS 



Fig 2 A'verage Results in a Group of Five Patients Breathing 
Air Containing Approximately 10 Per Cent Carbon Dioxide and 90 Per 
Cent Oxygen 

The speed of blood flow through the brain is greatly increased and through 
the leg is not affected 


0 6 -volume per cent in the oxygen content of the blood (Figure 3) 
Venous blood dratvn after an interval of five or ten minutes show ed that 
the A-V difference tvas decreased in the head by 31 per cent and was 
increased in the leg by SO per cent, i e cerebral vessels had dilated and leg 
vessels had constncted In both this and the preceding group, the results 
in each expenment tv ere more consistent for the head than for the leg 
Of the nine expenments, changes in A-V difference in blood traversing 
the brain were all in the same direction, whereas in the leg, three were 
against the trend The observed changes are in agreement with the ani- 
mal expenments of Bronk and Gesell (4) who measured blood flow in the 
carotid and femoral artenes of dogs, and found the flow was increased in 
the carotid and decreased in the femoral artery when the animal breathed 
air nch in carbon dio-xide 
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4 htcreased carbon dwxjde — decreased oxygm 
In four instances, subjects breathed air from a Tissot tank to which 
both carbon dioxide and nitrogen had been added, to make a mixture 
containing from 4 to 6 per cent by volume of carbon dioxide and from 8 
to 12 per cent by volume of oxygen The average effect was to reduce the 
oxygen content of the artenal blood by 2 3 volumes per cent and to 
increase the carbon dioxide content by 1 4 volumes per cent (Figure 4) 
As in the tw'^o previous groups of expenments there was a great increase 
in the speed of blood flowing through the brain (a reduction in the A-V 
difference of 7 3 volumes per cent, or 45 per cent) whereas the A-V dif- 
ference for the leg did not change 
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Fig 3 Average Results in a Group of Four Subjects Breathing 
Room Air to Which Had Been Added from Four to Eight Per Cent by 
Volume of Carbon Dioxide 

The speed of blood flow through the brain was greatly increased and through 
the leg decreased 


In each of the foregoing experiments thirteen in all, in which carbon 
dioxide tension of arterial blood was increased, there was a consistent and 
stnking decrease in the A-V difference for the brain The average 
decrease was 21 per cent for each volume per cent increase in the carbon 
dioxide content of arterial blood In the individual cases, however, the 
degree of dilatation of cerebral vessels (as judged by decreases in A-V 
differences) was not proportioned to the observed changes in the carbon 
dioxide content As regards the leg, changes in A-V differences were not 
consistent In eight instances there was an increase and in five a de- 
crease 

5 Normal carbon dtoxide — increased oxygen 
In ten expenments, subjects were attached to a Collins-Roth metab- 
ohsm apparatus and breathed pure oxygen for a penod of from 10 to 15 
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minutes While breathmg oxygen the carbon dioxide content of the 
artenal blood did not change appreaably but the average oxygen content 
increased by 1 2 volumes per cent (Figure 5) This was possible because 
the average artenal blood was but 92 3 per cent saturated This condi- 
tion of mild anoxemia m epileptic patients has been reported by Lennox 
(8) In contrast with the previous groups of expenments, changes in 
blood flow were slight and not consistent For the brain, the A-V dif- 
ference was increased in six instances and decreased m four, the average 
change bemg an increase of five per cent For the leg, the A-V difference 
was increased in two instances and decreased in eight, the average change 
being a decrease of 16 per cent The results therefore are indecisive, there 
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Fig 4 Average Results in a Group of Four Subjects Who Breathed 
Air Containing from Four to Six Per Cent by Volume of Carbon Dioxide 
AND from 8 to 12 Per Cent of Oxygen 

The speed of blood flow through the brain was xcry greatly increased 
whereas the flow through the leg was not affected 


being evidence of a slight decrease in the speed of blood flou through the 
brain, and more consistent evidence of an increased flou through the leg 
So many expenments were conducted because of the lack of consistency 
m results and because changes m circulation due to the breathmg of 
oxygen have received scant attention m medical literature In dog 
ex"penments Bemthal, Bronk, Cordero and Gesell (9) obtained evidence of 
a decreased blood flow m both the carotid and the femoral arteries Our 
results for the arculation m the leg, therefore, are not m agreement w ith 
theirs The difference may be due to the fact that presumably the 
anesthetized animals had a greater initial anoxemia than the human 
subjects 
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6 Normal carbon dioxide — slightly decreased oxygen 
In four expenments subjects breathed from a Tissot tank to which 
atmospheric air and mtrogen had been added Individuals breathing the 
same gas mixture showed large differences in the degree of anoxemia 
Therefore, separation of cases was based on the actual degree of anoxemia 
present in artenal blood and not on the rmxture breathed The average 
reduction in artenal oxygen in the four subjects of this group was one 
volume per cent making the artenal blood 87 per cent saturated Because 
of the hyperpnea induced by the diminished oxygen supply, the average 
carbon dioxide content of the arterial blood was decreased by 1 9 volumes 
per cent (Figure 6) In three of the four cases there was a sharp increase 



no rmal CO. - INCREASFD Q. 


ARTERl^L 

BLOOD 


A-v diffe-blnce: 

OXYGEN carbon Dioxide 


FEMORAL 



femoral 

^LOOC‘ 


O Ul 

o 

> 


u 

2 

ui 

6£ 

u. 

a. 

O 

7^ 

< 


Fig S Average Results in a Group of Ten Subjects Who Breathed 

Pure Oxygen 

The speed of blood flow through the brain was slightly decreased, and 
through the leg slightly increased 


in the A-V difference for the brain The average increase for the four 
cases was 30 per cent For the leg, the A-V difference was increased in 
two and decreased in two expenments, the average change being an 
increcise of 5 per cent The decreased speed of blood flow through the 
brain, in the light of evidence from other groups of experiments, was 
presumably caused by the reduction of carbon dioxide, rather than the 
reduction of oxygen m the arterial blood 

7 Normal carbon dioxide — greatly decreased oxygen 
In these seven cases, a much greater degree of anoxerma was induced, 
the average oxygen content of arterial blood being reduced by 5 9 volumes 
per cent (from an average saturation of 93 4 per cent to 64 per cent) 
In spite of this anoxerma, the average carbon dioxide content of the 
artenal blood fell but three volumes per cent (Figure 7) 
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In all seven instances there was a decrease m the difference in oxygen 
content between artenal and internal jugular blood, the average decrease 
being 31 per cent In five instances there was likewise a great decrease m 
the difference between artenal and femoral vein blood (the average de- 
crease for the seven cases bemg 48 per cent) Therefore, the vessels of 
both the brain and the leg underwent dilatation This is in agreement 
with observations m the dog by Gesell and his associates If all the 
blood vessels of the body dilated to this extent, there would be a fall m 
systermc blood pressure We were not able to record the pulse and the 
blood pressure readings m all these cases, but m those m which we did, 
there was an increase in heart rate and a fall in blood pressure According 
to Marshall (10) m conditions of anoxemia, cardiac output is increased 
only when the concentration of oxygen in the inspired air is less than 11 
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Fig 6 Average Results in a Group or Four Subjects Who Breathed 
Air Containing from 6 to 12 Per Cent by Volume of Oxygen and Whose 
Arterial Oxygen Saturation Decreased from a Preliminary Value of 
923 Per Cent to 87 Per Cent 

There was a moderate decrease in the speed of blood flow through the brain 
and a very alight decrease in the leg, due probably to the diminution in the 
tension of carbon dioxide in artenal blood 


per cent. The fact that there was decreased cerebral blood flow with 
slight anoxerma (Group 6) and increased flow wnth extreme anoxemia 
(Group 7) IS probably explainable in this manner The decreased carbon 
dioxide due to dyspnea exerted its constnctmg effect w hen anoxerma w as 
tnvial, but an even greater carbon dioxide loss could not prevent dilata- 
tion when anoxerma was extreme 


8 Decreased carbon dtoxide — increased oxygen 
In three e-xpenments, subjects w hile connected with a basal metabolism 
machine and breathing pure oxygen, performed voluntary hyperpnea 
Artenal blood drawn after fixo or ten minutes revealed an average in 
crease of S volume per cent in oxygen content and a decrease of 10 
volumes per cent in carbon dioxide content (Figure 8) 
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In each instance there was an increase in the A-V difference for the 
brain, the average increase being 47 per cent and a decrease for the leg, 
the average being 19 per cent These changes indicate a decreased 
speed of blood flow through the brain and an increased flow through 
the leg 


9 Decreased carbon dtoxtde — normal oxygen 

In this group of four expenments, the subjects performed over- 
ventilation in room air, a procedure which increased the average oxygen 
content of artenal blood 3 volume per cent and decreased its carbon 



Fig 7 Average Results in a Group of Seven Patients Who 
Breathed Air Containing from 6 to 8 Per Cent by Volume of Oxygen, 
AND Whose Arterial Oxygen Saturation Decreased from a Preliminary 
Value of 93 4 Per Cent to 64 Per Cent 

The flow of blood through both the brain and the leg was greatly accelerated 

dioxide content by 11 volumes per cent Results were not greatly dif- 
ferent from those in the preceding group The effect on blood flow 
was m the same direction though more distinct For the brain there was 
an increase m the A-V difference in all cases, the average increase being 
58 per cent For the leg there was a decrease in the A-V difference in 
three of the four cases, the average decrease for all being 35 per cent 
(F igure 9) The decrease in cerebral blood flow accompanying hyperpnea 
(per unit change in carbon dioxide content of artenal blood) is only one 
sixth as great as the increase which accompanies the breathing of carbon 
dioxide 
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10 Decreased carbon dtoxtde — dureased oxygen 
In three expenments, subjects breathed a mixture of air and nitrogen 
(the oxygen formmg from 6 to 10 per cent by volume of the mixture) 
from a Tissot tank, at the same time performing voluntary hyperpnea 
In two expenments subjects were attached to a basal metabolism ap- 
paratus, the bell of which had been filled with room air In this case 
anoxemia developed more slowly 



Fig 8 Average Results in a Group of Three Subjects Wno Performed 
Hyperpnea While Breathing Pure Oxygen 


The speed of blood flow through the brain was greatly decreased and through 
the leg was slightly increased 


Although air mixtures were practically the same as in the ex-penments 
under Group 7, the anoxemia produced w'as not as great when sub- 
jects breathed deeply, as when they breathed naturally The percentage 
saturation of artenal blood was reduced by only 6 6 per cent, against a 
reduction of 29 4 per cent when hyperpnea was not performed Schneider 
(11) has stated that under conditions of reduced atmosphenc pressure 
subjects are more comfortable if they breathe deeply In the five expen- 
ments the average decrease in the oxygen content of artenal blood was 1 5 
and of the carbon dioxide content 13 6 volumes per cent. 
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In four instances, the A-V difference was increased both for the 
brain and the leg, in one it was decreased for both For the five expen- 
ments, the average increase for the brain was 33 per cent and for the leg 
44 per cent (Figure 10) 

Although overbreathing in oxygen poor air resulted in a greater 
decrease in the carbon dioxide content of arterial blood than overbreathing 
in room air, the dimmution in blood flow through the brain was less 
Presumably this was due to the counteracting effect of the anoxemia 
which in itself would cause an increase in blood flow 
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Fig 9 Average Results in a Group of Four Subjects Who Performed 
Hyferpnea While Breathing Room Air 

The speed of blood flow through the brain was greatly decreased and through 
the leg it was slightly increased 

The decrease m the flow of blood through the leg is not so easy to 
explain, for m Groups 7, 8 and 9, in which there had been a decrease either 
in the carbon dioxide or in the oxygen content of the arterial blood, the leg 
flow had increased Throughout this investigation, the blood flow 
through the leg was more variable than the flow through the brain 

A-V differences in carbon dioxide content 

In the presentation of material thus far, we have dealt only with 
changes in oxygen tension of the blood In Figures 1-10 the A-V dif- 
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ferences m carbon dioxide content are shown in the right hand portion 
One would expect that curves representing changes in oxygen and in 
carbon dioxide content would slope in opposite directions, eg the A-V 
difference for carbon dioxide should increase as that for oxygen decreases 
Of the rune expenmental groups the slopes are opposite in five for the leg 
and in only one for the brain As we have pointed out (12) the respira- 
tory quotient (the increase in carbon dioxide of venous blood, divided by 
Its decrease in oxygen with reference to the arterial blood) of the brain in 



Fig 10 Average Results in a Group of Fito Subjects Who Per 
FORUED HyPERPNEA WHILE BREATHING AlR CONTAINING FROII 6 TO 10 PER 
Cent of Oxygen 

The speed of blood flow through both the brain and the leg was decreased 

these unanesthetized subjects is much higher than that of the leg Under 
conditions in ahich the composition of the alveolar air is artificially 
altered the respiratory quotient is greatly distorted In the low oxygen 
expenments one factor in such distortion is the various degrees of ab 
sorption of carbon dioxide by the tissues In the ten expenments in 
which patients quietly breathed pure oxygen (Group 5) the a\erage respir- 
atory quotients before and after the procedure were approximately the 
same In the seven expenments m which marked anoxemia was pro- 
duced (Group 7), the quotients dunng the breathing were abow unit>, 
1 32 for the brain and 1 80 for the leg, against preliminary averages of 91 
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Fig 11 The Average Results in Seven Groups of Experiments with 50 

Subjects 

The upper portion of the figure represents the changes in the gaseous content 
of artenal blood which followed alteration of the alveolar air, induced by 
breathing vanous mixtures of carbon dioxide and oxygen Projection of 
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and 62 respectively This excess of carbon dioxide in the venous blood 
suggests that under conditions of anoxemia carbon dioxide is not readily 
absorbed by the tissues, and more carbon dioxide is absorbed by the 
brain than by muscle. McGinty (13) found that tissues of living frogs 
do not absorb carbon dioxide as readily when the animals are kept m a 
low oxygen atmosphere and that the brain absorbed more than muscles 
If the differences in respiratory quotient between the brain and the leg 
had been due to differences in the distribution of capillanes m the brain 
and leg (a possibility suggested by Myerson, Loman, Edwards and Dill 
(14) for similar respiratory quotients m their cases) one would expect 
distinct differences m blood flow On the contrary the increase m the 
speed of blood flow in Group 7 was practically the same in the brain as in 
the leg 

DISCUSSION 

The detailed changes in blood flow which have been enumerated are 
confusing In order to contrast more clearly the average changes m 
each group, we calculated the percentage change m the A-V oxygen 
difference for the expenmental as contrasted with the control period 
These results are depicted in Figure 11 

At the top of the chart is shown the average change from the pre 
e-xpenmental sample as regards the gaseous content of artenal blood 
The changes in the composition of blood flowing through the bram are 
clear cut and consistent An increase in the carbon dioxide content of 
the artenal blood causes an increase of more than 40 per cent in blood 
flow, as measured by alterations in the oxygen content of venous blood 
On the other hand, a similar decrease in the carbon dioxide of artenal 
blood results in a decrease in blood flow only a third or a fourth as great 
Wolff and Lennox observed this also when watching pial blood vessels 

The effect of oxygen is less An increase of oxygen m artenal blood 
causes a shght decrease in cerebral flow, a well marked anoxemia an 
increase When the degree of anoxemia is not great, any change m the 
carbon dioxide tension of blood overshadows it However, anoxemia 
partially neutralises the constncting effect of diminished carbon dioxide 
Also, anoxenua augments the dilator effect of carbon dioxide and excess 
ox-ygen augments the constnctor effect of decreased carbon dioxide 

These conclusions are in entire agreement with the window observa- 
tions of Wolff and Lennox Dilatation of pial xassels of cats occurred 

columns aboi e or below the base line indicates that the gaseous content had been 
increased or decreased The solid columns indicate oxygen content, the double 
hatched columns carbon dioxide contenL The lower portion of the figure 
represents changes which took place In the A V difference of blood oxjgen 
Projection of columns aboie the base line indicates that the A V difference 
had decreased and the speed of blood flow had increased Projection below 
the Une indicates the opposite. The single hatched columns represent the 
brain and the dotted columns the leg 
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under the same arcumstances that cause decrease m the difference m the 
blood gases entenng and leaving the brain The effect of changes in 
oxygen tension of arterial blood was more clear cut m the human than in 
the cat expenments, due presumably to the fact that the anesthetized 
animals had a imld degree of anoxemia 

Our observations demonstrate that the changes in the diameter of pial 
vessels do not indicate, as Kubie and Hetler (15) suggested, merely a local 
change in pial arculation, but reflect, rather, a change in circulation 
throughout the brain Likewise they contradict the contention of 
Nicholson (16) that the increase in cerebrospinal fluid flow which accom- 
panies breathing of carbon dioxide is not due to enlargement of the cere- 
bral vascular bed 

Concerning the effects of altering blood gases on the circulation of the 
leg, the evidence is less clear cut Given a normal or better than normal 
artenal oxygen tension, an increased carbon dioxide tension was asso- 
ciated with an increased A-V difference (decrease in blood flow) A 
decreased carbon dioxide tension Wcis associated with a decreased A-V 
difference (increase in blood flow) This is the opposite to the condition 
for the bram In the presence of a profound artenal anoxemia (the 
carbon dioxide tension being only slightly affected) there is a markedly 
increased blood flow, through both leg and brain 

In general, it may be said that circulatory responses to chemical 
stimuli are greater in the brain than in the leg One reason for this is the 
fact, pointed out by Lennox and Leonhardt (17), that the A-V difference 
IS greater for the brain than for the extremities Therefore there is 
greater opportunity for a decreased A-V difference, in other words, for an 
improvement m the quality of the blood pounng through the bram 
Cerebral circulatory responses axe also more constant than those of the 
leg from time to time and from subject to subject 

These observations demonstrate that the body has a mechanism for 
altenng the speed and the composition of the blood flowing through the 
brain Either anoxemia or increase of carbon dioxide is attended by a 
dilatation of vessels, which provides capillaries and veins with blood that 
IS more nearly arterial m quality The opposite conditions result in a 
retardation of the blood stream The cheimcal mechanism which governs 
these cuculatory changes is probably a complicated one In the case of 
the carbon dioxide, the coincident alterations in the acid base relation- 
ships of the blood are undoubtedly important Injection of acid sub- 
stances other than carbon dioxide or of alkaline substances also result in 
dilatation and constriction of brain vessels Presumably the increased 
cerebral flow consequent on anoxemia cannot be explained on the basis of 
acid base changes m the blood, for according to Koehler, Bnmquist and 
Loevenhart (18) acidosis occurs only when the anoxemia is extreme and 
prolonged Whatever the exact mechanism, these adjustments in blood 
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flow provide brain tissue with blood which is more constant in quality 
than would otherwise be the case Presumably this contributes to more 
effective functioning of the bram 

The fact that circulatory adjustments for the brain may be and 
usually are the opposite of those for the leg is of great theoretical and 
practical interest This circumstance perrmts alteration of blood flow in 
the brain without change in the systemic blood pressure It permits the 
brain to secure preferential treatment as regards allocation of artenal 
blood In these expenments the difl^erential action is more evident after 
alteration of carbon dioxide than after alteration of oxygen tension 
When the carbon dioxide tension of the artenal blood was increased or 
reduced (and oxygen tension not reduced) the speed of blood flow m the 
head and leg was affected in an opposite manner On the other band, 
when anoxemia was induced (no matter what the carbon dioxide tension) 
the blood flow in the bram and leg mcreased or decreased together 
These are average, not individual results 

These expenments do not shed light on the localization of the mechan- 
ism of chemical control, whether in a center in the bram or in the walls of 
the blood vessels One is perplexed to explain how the same chemical 
stimulus produces such diverse vasomotor efl'ects Nor can one explain 
the diffenng reactions on the basis of the dosed box arrangements of the 
skull Though vessels m the bram are embedded in an mcompressible 
medium, the alterations in calibre, as measured by A-V differences, are 
even greater in the brain than in the leg Of course, one must take into 
account possible differences m the area of the vascular bed m relation to 
the volume of brain and leg tissues According to the researches of Cobb 
(19) nervous tissue has fewer capillanes per square millimeter than has 
muscle Again, capillanes in the two regions may respond differently to 
chemical stimuli, or there may be diffenng responses of capillanes and of 
artenoles The relative scarcity of capDlanes m the bram, together with 
the external resistance to capillary expansion, may hinder capillary stasis 
and hence, when arterioles dilate, result in a relatively speedy flow of blood 
through the brain 

Finally our observations emphasize the contention of Wolff and Len 
nox (2) that when the patient benefits from measures which alter the 
composition of alveolar air, in any assignment of credit, the accompanying 
changes m cerebral circulation must be taken into account, 

SUMSURY 

Fifty observations were made of changes in the speed of blood 
through the brain and the leg of man These changes were in resfx®^ 
alteration in the composition of the ali-eolar air, and were jtsdged 
dteration^s in the difference in the oxygen content of blood enten^"' 
leaving the brain and the leg 

77 
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Alteration in the composition of alveolar air was attended by a marked 
change in the speed of blood flow With an increased tension of carbon 
dioxide in artenal blood, the speed of flow through the brain was in- 
creased and through the leg was decreased With a decreased tension of 
carbon dioxide the flow through the brain was decreased and through the 
leg increased 

Alteration of the oxygen content of arterial blood produced less pro- 
nounced results Increase m the oxygen content resulted m a slight 
decrease in speed of blood flow through the brain and increase through the 
leg Pronounced anoxemia resulted m increased flow in both brain and 
leg 

Changes m speed of flow m these experiments are believed to be due to 
dilatation or constriction of artenoles 

An increase in the flow m the brain is more readily produced than a 
decrease Alterations in the flow are more consistent in the brain than in 
the leg Conclusions are based on average, not individual, results 

In conditions of anoxemia the tissues of the brain and the leg absorb 
less than the usual amount of carbon dioxide 

Circulatory adjustments for the brain, in response to gaseous changes 
m the blood, may be the opposite for those in the leg, thereby permitting 
the brain to receive preferential treatment as regards allocation of 
eirtenal blood 
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THE BLOOD PICTURE IN EXOPHTHALMIC GOITRE AND ITS 
CHANGES RESULTING FROM IODINE AND OPERATION 
A STUDY BY MEANS OF THE SUPRAVITAL TECHNIQUE 

By SAUL HERTZ * and J LERMAN 

(From the Thyrmd Cltntc and Melabottsm Laboralory of the ifauachtaells General Hospital 

Boston) 

(Recen'cd for publicohon April 29 1932) 

The purpose of this report is to record a senes of cases of exophthalmic 
goitre studied intensively by the supravital technique of blood examina- 
tion This method was chosen as being particularly suited to the problem 
smce It affords a clear differentiation of the large lymphocyte, monocyte 
and transitional polymorphonuclear cells, a distinction which is not 
always possible in the ordmary type of fixed smear 

HISTORICAL 

While CiufBtu (1) deflcnbed relative lymphocytosis in exophthalmic goitre in 
1904, this aspect of the disease did not attract universal attention until the 
pubhcatfons of L Coro (2) (3) In the year 1907 the latter author described 
a case of fatal exophthalmic goitre with such atypical Bndings in the blood that 
he thought he urns dealing with an associated pseudoleukemia. Later (1908) 
he collected a senes of cases showing similar blood pictures Caro was further- 
more able to produce the changes in the blood of normal individuals by the oral 
admimstrabon of thyroid gland He showed that patients with non toxic 
vaneties of goitre did not have any alteration in their blood picture The 
studies of Kocher (4) in 1908 received the attention of the entire medical pro 
fession He descnbcd a tnad of blood Endings in Basedow s disease which he 
thought could be used in the early diagnosis of the malady This tnad con 
sisted of leukopenia relative hypopolynucleosis and relative lymphocytosis 
It has come to bear his name as the "Kocher blood picture. ’ Crotti (5) was 
able to confirm the observations of Kocher and stated that the blood findings 
were helpful in diagnosing the disease and in estimating its sc\ent> 

Crotti (5) observed cases dunng the postoperative penod before the intro- 
duction of iodine in the preoperative treatment We quote him directly as 
follows "The same day of the operation the lymphocytes diminish matcnally 
while the polynuclears increase on the following days, however, the blood 
formula returns to its previous pathological state, and only then improves 
gradually in direct proportion with the disease and usually becomes normal in 
the cured cases " 

DeQuervain (6) stated that the above changes were not limited to exoph 
thalmic goitre, for they occurred in other types of thyroid dyscrasia MOller 
(7), Bauer (8) and Lamp6 (9) were of the same opinion 

Probably the most extcnsixe study of the subject was that of W A Plummer 
(10) in 1919 He examined the blood of 578 cases of hyperthjToidisra and 
recorded an average leukocyte count of 6,793 cells per cu mm The relative 

* Dalton Scholar, Massachusetts General Hospital 
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lymphocytosis and hypopolynucleosis, although appreaable in his figures, 
were not as defimte as those recorded by Kocher and Crotti He found no 
relationship between the blood changes and mortality in his senes, and con- 
cluded that the blood picture was of little aid in diagnosis or prognosis 

Menkin (11) in 1928 studied 100 case records of hyperthyroidism, and 
followed the blood changes in a small senes of patients His conclusions were 
that relative lymphocytosis was present in hyperthyroidism, but that it was 
more frequent and more marked in cases with defimte exophthalmos Exam- 
ination of his protocols reveals that several of his cases of "hyperthyroidism 
with exophthalmos" had elevated monocyte percentages as well as relative 
lymphocytosis, a fact which he failed to note He also presented data to show 
that after operative treatment of the disease there was a reversion toward a 
normal blood status However, no account was taken in his study of the effect 
of preoperative medication per se on the blood picture 

Most recently, Jackson (12) concluded, from a study of the blood of 600 
cases of thyroid disease of vanous forms, that there was no basis for the Kocher 
triad, that iodides had no effect on the blood formula, and that there was no 
parallehsm in the height of basal metabolic rate, the seventy of the disease and 
the differential blood picture 

METHOD 

The method of blood examination used in this study has been de- 
scnbed in detail by Sabin (13) It consists, m its mam features, of the 
following steps thin smears of non-toxic stains, neutral red and janus 
green, are made on clean, polished slides Blood is received on a cover- 
slip and allowed to spread on the thin film of stain The covershp is then 
rimmed with vaseline to prevent evaporation The preparation is ex- 
amined at body temperature m a warm box with oil immersion objective 
The appearemce of the cells with this techmque is such that cyto- 
plasimc structure is more clearly made out than m fixed smear The 
polymorphonuclear cells are the most conspicuous since their finely 
granular cytoplasm is m constant amoeboid motion Lymphocytes are 
characterized by their lack of granulation, their high nutochondnal 
content and the paucity or complete absence of components staining with 
neutral red The monocyte is motile, more so than the sluggish lympho- 
cyte, and contains a few nutochondna It is mainly identified by a 
group of granules which selectively take the neutral red stain and are 
arranged, for the most pcirt, in the form of a rosette in the crescent of the 
large indented nucleus Nuclear contour and consistency are readily 
appreciated m the supravital techmque despite the fact that nuclear 
material does not take up the stains used The chromatin network, fine 
in the monocyte and coarse m the lymphocyte, is a distingmshing feature 

I 

BLOOD PICTURE IN EXOPHTHALMIC GOITRE 

MATERIAL 

Since our prehnunary study indicated that exophthalnuc goitre was 
more apt to show an altered blood picture than other types of goitre, we 
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decided to study only those cases in which a definite diagnosis of exoph- 
thalmic goitre had been made by the Thyroid Clmic, Only patients 
who had not received iodine previous to hospitalization were included 
Care was exerased to allow for the factors known to affect the blood 
formula Counts were done at approximately the same hour each time 
for individual patients, usually between 2-30 and 400 P M 

We were unable to demonstrate any changes of importance in the 
blood picture on rest alone dunng the four or five day penod when levels 
of metabolism and blood counts wfere being obtained The results for 
thirty consecutive cases are given in Table 1 


TABLE 1 

Imhal levds of basal melabolic rate and Uoad findings in 30 patunls vnth exophthalmic 

goitre 


PaUent 

number 

Leoko* 

cytes 

Banl 

metabolic 

rate 

Neutm- 

phUcs* 

Lympbo- 

cyte» 

Monocytet 

Eotioo* 

phUes 

BasophOet 



Per caU 

per cent 

per cent 

Per cent 

Per c<»t 

per 

1 

5,000 

60 

55 

25 

14 

4 

2 

2 

6,000 

48 

60 

20 

11 

5 

4 

3 

4 300 

68 

65 

15 

17 

2 

1 

4 

9 200 

74 

67 

IS 

18 

0 

0 

S 

4 850 

SO 

SO 

20 

23 

4 

2 

6 

5,900 

44 

61 

24 

10 

4 

1 

7 

5 000 

52 

64 

18 

12 

5 

1 

8 

6 500 

58 

60 

IS 

20 

3 

2 

9 

6 800 

47 

65 

19 

15 

1 

0 

10 

7,800 

61 

58 

29 

13 

0 

0 

11 

6,800 

56 

54 

28 

IS 

2 

1 

12 

6 850 

SO 

40 

38 

18 

2 

2 

13 

5 100 

56 

66 

IS 

14 

1 

1 

14 

5 900 

38 

46 

37 

13 

4 

0 

IS 

5 450 

36 

54 

30 

12 

3 

1 

16 

7 150 

51 

64 

14 

19 

3 

0 

17 

4,200 

52 

45 

34 

IS 

4 

2 

18 

6 250 

39 

54 

25 

' 16 

5 

0 

19 

5 000 

30 

52 

24 

17 

4 

3 

20 

6 250 

38 

56 

30 

12 

1 

1 

21 

4 700 

30 

SB 

21 

13 

7 

1 

22 

6 900 

40 

63 

20 

IS 

2 

0 

23 

5 700 

24 

57 

26 

14 

3 

0 

24 

8,200 

6 500 

25 

62 

21 

10 

6 

1 

25 

42 

55 

28 

5 

8 

4 

26 

13 000 

42 

61 

17 

IS 

4 

3 

27 

10,400 

6 800 

40 

57 

29 

12 

1 

1 

28 

28 

56 

26 

15 

3 

0 

29 

5 750 

31 

49 

37 

8 

4 

2 

30 

6 600 

42 

50 

32 

12 

5 

1 

Average 
Standard devi 

6,495 

45 1 

569 

24 5 

14 1 

3-3 

1,2 

atlon of av 
erage 

331 

2 24 

1 20 

1 25 

0 65 

0-35 

0,21 


Includes stab forms of leukocytes 
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Most of the cases were of moderate seventy as judged by the levels of 
metabolism Twenty-three of the thirty cases fell into a group in which 
the basal metabolic rate vaned from plus 30 to plus 59 There were 
three cases in which the metabolic rates were higher, and four in which 
they were lower 



Fig 1 Comparison of Average Leukocyte Counts in 30 Cases of 
Exophthalmic Goitre and 310 Normals 

JTotal wJnte blood cells 

Figure 1 represents the percentage distribution of the white blood 
cell counts of 30 exophthalmic goitre patients and of 310 normal people 
collected by Lerman (14) The curves demonstrate that in exophthal- 
mic goitre there is a skewness toward the leukopenic side of the blood 
picture Of the goitre patients 80 per cent had counts below 7,000 cells, 
whereas only 36 per cent of normals had counts below this level This 
points to the existence of a definite leukopema in the disease, a fact which 
IS not so obvious from the average leukocyte count of the senes The 
latter is 6,495 ± 331 cells Compared to the normal average leukocyte 
count of 7,850 rt 132 cells as obtained by Lerman (14), the difference is 
1,335 ± 357 or 3 8 times its standard deviation It is, therefore, highly 
significant statistically In this connection it is important to note that 
all the counts in our study were done in the afternoon and therefore 
represent the peak in the diurnal vanation in total white blood cell 
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counts (15) Morning counts in several instances were recorded as low 
as 2,400 to 3,100 in patients who had afternoon counts of 5,000 to 6,000 
cells This fact gives additional significance to the recorded difference 

Differenfutl blood ptdure 

Tables 2, 3, and 4 represent the distnbution of the polymorphonuclear 
neutrophiles, lymphocytes and monocytes respecbvely We have been 
unable to find any Isu^e senes of normal differential counts made by the 
supravital techmque Consequently we cannot make a final companson 
of the above distnbutions with the normal The results given by Sabin 

TABLE 2 

neutrophilic leukocyte percentaia of 30 patients vnlh exophthalmic 
goitre 


TABLE 3 

The distribution of total lymphocyte percentages of 

Lytnpltocytei 
per cent 

14-17 
18-21 
22-25 
26-29 
30-33 
34-37 
38+ 

TABLE 4 

The distribution of monocyte percentages of 30 patients unth exophthalmic goitre 


Monocyte! 
per cent 

Nnmber 

Per cent 

-10 

2 

66 

10-12 

8 

26 6 

13-15 

12 

40 0 

16-18 

5 

16 6 

19-21 

2 

66 

22+ 

1 

3J 


(15), based on 175 counts on six normal people, may be used tentatiLcly 
as the normal level for the supravital method In Table 5 these results 
are compared i\ ith the averages obtained in 30 patients 'vnth exophthalmic 
goitre We cannot compare the absolute number of cells in the same 
way because Sabin’s data do not contain the averages of the absolute 
numbers Howex'er, normal averages may be obtained bj multipljing 


Number 

Percent 

2 

66 

2 

66 

3 

10 0 

9 

30 0 

6 

20 0 

6 

20 0 

2 

66 


30 patt^nU xnih 

exophthalmic goitre 

Number 

Percent 

5 

16 6 

8 

26 6 

4 

13 3 

6 

20 0 

3 

10 0 

3 

10 0 

1 

33 


The distribution of the 


Neatrophllea 
per cent 

-45 

45-48 

49-52 

53-56 

57-60 

61-64 

65-68 
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Sabin's percentages by the normal total leukocyte count given above 
These normals are of limited value because their standard deviations 
cannot be calculated 


Polymorphonuclear neutrophiles 

The group distribution given in Table 2 does not show any distinct 
tendency to hypopolynucleosis in our senes if the comparison is made 
with results based on the fixed smear method However, compared to 
the results of Sabin (15), such a tendency is definite as revealed by the 
average figures given in Table 5 The difference between the normal 


TABLE 5 

Comparison of the average percentages of the differential count in exophthalmic goitre and 

in normal people (Sabin) 



Neutrophilea 

1 

Lymphocytes 

Monocytes 

Eosinopbiles 

Basophiles 


ter cent 

ter cent 

ter'cent 

ter cent 

ter cent 

Exophthalmic goi- 
tre 

56 9 d= 1 20 

24 5 ±T 25 

14 1 ± 0 65 

3 3 ±0 35 

1 2 ±0 21 

Normal 

68 9 ± 2 18 

19 7 ± 1 20 

1 

5 7 ± 0 49 

44 ±1 15 

1 2 ±021 

Difference between 
exophthalmic 
goitre and nor- 
mal averages 

12 0 ± 2 49 

4 8 ± 1 73 

8 4 ±0 81 

1 1 ± 1 20 

00 


and exophthalmic goitre neutrophile counts is 12 0 rfc 2 49 per cent, a 
value of high statistical significance Moreover, since the diurnal vana- 
tion in total white blood cell coimt is mainly attributable to^the fluctua- 
tion of the neutrophiles, the above percentage of neutrophiles in exophthal- 
mic goitre, obtained in the afternoon, represents the peak of the curve 
Consequently hypopolynucleosis is actually greater throughout the day 
than our results indicate The absolute numbers of neutrophiles in 
exophthalmic goitre is reduced to a greater extent than the percentage 
because of the simultaneous reduction in total leukocyte count Thus 
the average neutrophile count for the exophthalmic goitre cases is 3,696 
cells as compared with the normal of 5,409 cells 

Lymphocytes 

The distribution of lymphocyte percentages is given in Table 3 
The average percentage is 24 5 ± 1 25, which is greater than the normal 
by 4 8 ± 1 73 per cent The difference, though not large, indicates a 
significant tendency to relative lymphocytosis in exophthalnuc goitre 
About 68 per cent of the patients showed lymphocyte percentages above 
the normal average of 19 7, and 23 3 per cent showed percentages of 30 
or more The absolute number of lymphocytes is about the same in the 
exophthalmic goitre group as in the normal 
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Monocytes 

Table 4 shows the distribution of the monocytes in exophthalmic 
goitre Obviously, almost all the patients had high monocyte counts 
For example, only one patient had a count below Sabin’s average normal 
of 5 7 per cent, whereas 26 5 per cent of the patients had counts over 15 
This would indicate that relative monocytosis, to the extent of 2 to 3 
times the normal value, is a definite and characteristic findmg in the blood 
picture of exophthalmic goitre The degree of monocytosis is expressed 
by the difference of 8 4 ± 0 81 per cent between the normal and exo 
phthalmic goitre values This difference, being 10 4 times its standard 
deviation, is highly significant The absolute number of monocytes in 
exophthalmic goitre is not increased as much as the percentage, the 
value being 916 cells as compared to the normal of 447 cells The differ- 
ence IS large and significant. 

EostnophUes and basopltiles 

While an occasional case may show a high percentage of eosinophiles, 
such a finding is, however, not common The average per cent of 
eosinophiles is lower than normal, but not significantly so The absolute 
number is relatively loner than the percentage, namely, 214 cells against 
the normal of 345 cells Although the difference seems large, it is prob- 
ably not significant because the standard deviation of the normal 
eosinophile average is large 

There is no vanation from the normal in the case of basophiles, either 
in per cent or in absolute number 

It is important to deterrmne nhat relationship the white blood cell 
count and its differential picture have to the seventy of the disease as 
measured by the basal metabolic rate, and to one another There is no 
correlation whatever between the white blood cell count and the level 
of metabolism The average count at different levels of metabolism 
vanes a good deal, but in no consistent uay 

There is a slight correlation between the percentage of polymorpho- 
nuclear cells and the metabolism, as indicated in Figure 2 The former 
tends to increase as the metabolism nses For example, of the 12 cases 
with metabolic rates of SO and over, 7 shoued polymorphonuclear counts 
of 60 per cent or more, uhereas only one of the 10 cases unth metabolic 
rates under 40 shoued this same percentage of polymorphonuclear cells 
Mathematically this relationship, as expressed by the coeffiaent of 
correlation, is -f- 0 324 ± 0 115 

The lymphocytes, on the other hand, tend to vary inversely as the 
level of metabolism This is also demonstrated graphically in Figure 2, 
which shoe's that the average lymphocyte percentage falls from 27 7 to 
21 0 ivith the nse in level of metabolism Expressing this fact in a 
different way’, 4 of the 12 cases wnth metabolic rates of 50 and over had 
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15 per cent or less of lymphocytes whereas none of the remaining cases 
had this percentage of lymphocytes The coefficient of correlation in 
this case is — 0 39 ± 0 109 

Figure 2 also shows the tendency of the monocytes to increase with 
the height of the basal metabolic rate For example, 9 of the 18 cases 
with metabolic rates under 50 showed a monocjde count of 12 per cent 
or less, whereas only one of the remaining 12 cases showed this percentage 
of monocytes The coefficient of correlation is + 0 403 ± 0 108 — a 
value of probable significance 



BMR (PtPKrfBfE CRDIP3) 

Fig 2 The Average Percentage of Neutrophiles, Lymphocytes and 
Monocytes at Different Levels of Metabolism 

In the above correlations the finding of a positive relationship between 
the neutrophile percentage and the height of the basal metabohc rate 
and a negative relationship between the lymphocyte percentage and the 
height of the metabolism was unexpected Since hypopolynucleosis and 
relative lymphocytosis are common findings, one would expect a decrease 
m polymorphonuclears and an increase in lymphocytes as the metabolism 
increased The explanation for this discrepancy is not clear 

It should be noted that the above discussion refers to the relative 
numbers of polymorphonuclears, lymphocytes and monocytes When 
their absolute numbers are compared with the metabolic rates, all 
correlation is practically destroyed 

There is no significant correlation between the white blood cell count 
and its differential formula On the other hand there is a highly sigmfi- 




TABLE 6 

Tht blood picture and basal metabolic rate of IS patients vnik exophthalmic goitre studied at different stages in the course of treatment 
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cant inverse relationship between the polymorphonuclear and lymphocyte 
percentages and between the lymphocyte and monocyte percentages 

II 

CHANGES RESULTING FROM IODINE AND OPERATION 

Eighteen patients were studied under condibons of rest, lodimzation 
and following operation and their data are presented in Table 6 They 
include the levels of basal metabolism, white blood cell count, and 
differential formula of each patient The postoperative penod is divided 
into two m order to evaluate the effect of the postoperative febrile reaction 
and the final effect of operation 



Fig 3 Course of the Basal Metabolic Rate, White Blood Cell Coukt 
and Monocyte Percentage of a Patient with ExoruTHAuiic Goitre 

r igure 3 represents graphically the typical course of the basal meta- 
bolic rate, white blood cell count, and monocyte percentage of a patient 
undergoing the usual treatment of rest, iodine and operation It demon 
strates clearly that changes in monocyte percentage follow closely the 
changes in metabolism The nse in metabolism seen in this case m the 
first few days after the beginning of iodine medication is not uncommon 
There was a concomitant nse in monocyte percentage The total white 
blood cell count changed little except for the moderate increase after 
operation 
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Table 7 summanzes the data presented m Table 6 and will serve as 
the basis for our subsequent discussion As in the onginal table, the 
averages are arranged in columns to demonstrate the separate effects of 
rest, iodine, and operation on the blood picture and basal metabolism 

The resting levels for this group of patients are essentially similar to 
those obtamed for the large group of untreated patients listed in Table 1, 
and require no further discussion They serve as controls for the data 
on the same patients obtained after lodimzation and operation Rest, 
alone, as stated previously, had no appreciable effect on the blood picture 
even in those cases which showed considerable diminution in metabolic 
rate during the rest penod 

lodimzation caused the following changes from the restmg levels 

1 In 14 of the 18 cases there was a defimte decrease m the total of 
white blood cells, varying from 100 to 3,100 cells, the remaining 4 cases 
showed an increase The average decrease as shown in Table 8 amounted 
to 905 ± 401 cells or 15 per cent of the resting leukocyte count. This 
decrease is statistically significant. 

2 There was a slight increase m absolute number of polymorpho- 
nuclear cells and a moderate increase in relative percentage The latter 
increased m every case, whereas the former increased in 12 and decreased 
or was imchanged in 6 The average increase in absolute number of 
cells was 381 ± 355 which is not significant, whereas the increase m 
percentage was 17 8 ± 2 76 per cent which is highly significant (see 
Table 8) 

3 Both the small and large Ijnnphocytes decreased There was a 
slight increase m lymphocytes in 2 cases only The average change m 
the lymphocytic senes was 7 0 ± 2 77 per cent and 558 ± 161 cells for 
the relative and absolute numbers respectively 

4 The monocytes showed the most marked decrease, both in per- 
centage and in absolute number All but one of the patients showed a 
drop to the normal level of 2 to 5 per cent A reduction in absolute 
number of monocytes occurred in every case The average change v as 
10 7 ± 0 70 per cent and 705 ± 71 cells, both values being highly 
sigmficant This represents the most characteristic change in the blood 
picture m exophthalmic goitre under the influence of iodine 

5 There were variable changes in the percentage and absolute number 
of eosinophiles and basophiles, but none of these were definitely signifi- 
cant. 

Some of the changes m the blood picture under the influence of iodine 
present interesting relationships to the simultaneous change in basal 
metabolic rate The monocytes, both absolute and relative numbers, 
showed a reduction somewhat proportional to that of the metabolic rate 
The changes in total leukocytes, percentage of polymorphonuclears, and 

78 
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percentage and absolute number of lymphocytes sho^^^ed no sigmficant 
relationship to the changes in metabolism 

The immediate effect of operation on the blood picture is the resultant 
of several complex factors There was a defimte rise in total leukocyte 
count (2,258 ± 649 cells) which was mamly due to the rise in the number 
of polymorphonuclear cells (1,785 ± 568) and monocytes (359 ± 77) 
All the other types of cells changed slightly The mcrease in monocytes 
was out of proportion to that of the other cell types They were the 
only ones which showed a sigmficant change in the relative number of 
cells, 1 e an increase of 3 4 d: 0 84 per cent. 

The final state of the blood picture mdicates that operation per se 
had relatively httle effect upon it as compared to the effect of iodine 
The polymorphonuclear cells increased slightly, the increase m percentage 
was statistically significant but the increase in absolute number was not 
All the other cell elements decreased slightly, but only the lymphocytes 
and monocytes showed a sigmficant change Again the change m mono- 
cytes was proportionately larger than that of the other cells The total 
leukocyte count decreased slighdy (142 ± 408 cells) but not significantly 
Operation changes the blood picture of lodinized patients relatively httle, 
whereas It decreases their metabolism considerably (16 0 ± 3 10 per cent) 
However, one cannot say that operation, alone, would fail to bnng about 
the entire change in the blood picture recorded above 

DISCUSSION 

The classification of white blood cells is much less arbitrary in the 
supravital technique than in the fixed smear Differences m the tech- 
niques have been pomted out by Sabin, et al m their quanbtative 
studies of the daily rhythm of the white blood cells (15) Sources of 
error, which they thought were greatly reduced in the newer method, 
were the elimination of the "smudges" of fixed smear and the mis- 
classification of the small monocytes, large lymphocytes and monolobed 
granular cells It is not unusual to record an increase of 5 to 10 per cent 
in the percentage of monocytes by the supravital technique over that 
obtained by the fixed smear in cases of exophthalmic goitre 

Our expenence with the vanous methods of blood study indicates that 
this misclassification of the monocytes in fixed smears may be the explana- 
tion of the apparent discrepanaes foimd in the literature on the blood 
picture m exophthalmic goitre 

The effect of iodine on the blood picture in exophthalmic goitre is 
definite and almost constant This stands in marked contrast to the 
findmgs reported by Jackson (12) His data, in addition to the fact that 
they were obtained by the fixed smear method, are subject to other 
sources of error There is no indication that the monocytes w ere classified 
as a separate group Moreover, conclusions are drawn from average 



1194 


EXOPHTHALMC GOITRE 


values without due consideration for the variability of the results or the 
standard deviation It seems to us that Jackson obtained the post- 
lodine counts before the patients were fully lodinized because the reduc- 
tion of 12 points (plus 46 to plus 34) in the basal metabolic rate of his 
group of cases is much smaller than the 30'or more point drop reported 
from other clinics, including our own Consequently he attributes certain 
changes in the final blood picture to operation, which are probably due 
to iodine 

The elevated monocyte count in exophthalmic goitre and its depression 
by iodine in the course of the remission produced by this drug may be of 
fundamental importance in our imderstanding of the pathogenesis of the 
disease If Aschoff’s view that the monocyte of the circulating blood is 
part of the “ reticulo-endothelial metabolic apparatus” (16) is correct, 
then our results suggest that the reticulo-endothelial system is activated 
in hyperthyroidism and that the remission produced by iodine is linked 
with a depression of this system At the present time we are engaged 
in further expenments in an attempt to establish the validity of these 
suggestions 

CONCLUSIONS 

1 The supravital technique offers a valuable aid in the study of the 
blood picture in exophthalmic goitre 

2 The discrepancies in the literature as to the blood picture in 
exophthalmic goitre are probably due to misclassification of the mono- 
cytes, a source of error which is reduced to a minimum by the use of the 
supravital technique 

3 The most meu-ked and characteristic finding in the blood of patients 
with exophthalrmc goitre is a relative and absolute monocytosis Leuko- 
penia and hypopolynudeosis are the rule The percentage of lympho- 
cytes IS increased above normal in most cases, but relative lymphocytosis 
(of 30 per cent and over) occurred in only about a quarter of the cases 
The absolute number of lymphocytes is normal 

4 The basal metabolic rate shows a direct correlation of probable 
significance with the percentage of monocytes and of polymorphonuclears 
respectively, and an mverse correlation of the same order with the per- 
centage of lymphocytes There is no relationship between the level of 
metabolism and the total leukocyte count 

5 The most charactenstic effect on the blood picture of exophthalmic 
goitre from the admmistration of iodine is a reduction both in percentage 
and absolute number of monocytes In addition, there is a moderate de- 
crease in percentage and absolute number of lymphocytes, and a signifi- 
cant increase in the percentage but not in the absolute number of neutro- 
philes The total number of leukocytes decreases m most cases 

6 The reduction in the number and percentage of monocytes tends 
to be proportional to the reduction in basal metabolic rate The changes 
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m the other cell elements and m the total leukocyte count do not show 
any such relabonship to the basal metabolic rate 

7 The immediate effect of operation is to increase the total number 
of leukocytes, due chiefly to the increase m the number of polymorpho- 
nuclear cells and monocytes Only the percentage of monocytes is 
significantly changed 

8 The final changes in the blood picture following operation are 
qualitatively the same as those produced by lodme but are much smaller 
The total white blood cell count is reduced slightly but not sigmficantly 
The reduction in metabolism is proportionately greater than the change 
in the blood picture 

9 The possibility of depression of an activated reticulo-endothehal 
system m exophthalmic goitre by iodine is suggested by the data presented 
and IS discussed bnefly in the light of Aschoff’s view of the ongin of the 
monocyte 

We are indebted to Dr James H Means for supervision of this work and 
to Dr Carl F Doenng, of the Department of Vital Statistics, School of Pubhc 
Health, Harvard Umversity, for guidance in the statisDcal treatment of the 
data 
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EXPERIMENTAL OBSERVATIONS ON THE EFFECT OF 
VARIOUS DIURETICS WHEN INJECTED DIRECTLY 
INTO ONE RENAL ARTERY OF THE DOG' 

Bt EDWARD A BARTRAM 

(From Pie Medical Cbnic of Dr Henry A Chnsitan at the Peter Bent Bngham Hospital, 
and the Laboratory of the Department of Medicine of the Harvard Medical School, 

Boston) 

(Received for publication June 25, 1932) 

In the study of the action of diuretics the first question to determine 
IS whether the drug acts directly on the kidney, or indirectly through 
changes in the blood or in the cu-culation Since the publication of the 
theones of urine secretion advanced by Bowman, Heidenhain and Ludwig, 
an extensive literature has sprung up in an effort to add light to this 
problem Expenmental results have, however, been conflicting 

Von Schroeder (1) in 1888 first examined the action of caffeine, theo- 
bromine and theophyllme on the kidney of the rabbit, cat and dog He 
felt that diuresis was due to a specific stimulation of the kidney cell, and 
was independent of circulatory effects Barcroft and Straub (2) also 
favored the secretion theory since they found that caffeine and urea in- 
creased the metabolism of the kidney of the rabbit and cat during the 
period of diuresis However, Hayman and Schmidt (3), usmg caffeine, 
were unable to confirm these results Richards and Plant (4), working 
with the kidney kept alive by a special form of perfusion, found that 
caffeme produced a diuresis when the kidney blood flow and volume re 
mained constant Cushny and Lambie (5) studied the effect of the intra- 
venous injection of caffeine, urea and strophanthin on the change in per 
minute blood flow through the kidney of the rabbit They found that 
caffeme and urea produced a short stage of acceleration of blood flow, 
soon followed by a return to normal rate, while the diuresis persisted 
Under the same conditions small doses of strophanthm produced no ap- 
preciable change in blood flow and had no diuretic effect, larger doses de 
creased the blood flow through the kidney and diminished the unne out 
put They concluded that the diuretic action of caffeine and urea was 
independent of any change in blood supply They believed that caffeine 
caused diuresis by reducmg the resistance to filtrabon through the glomer- 
ular capsule, by a specific action on its cells, and that urea acted by in- 
creasing the osmotic resistance to the re-absorption of filtrate in the 
tubules 

‘This investigation uas aided bj a grant from the Proctor Fund for the 
studj of chronic disease Harvard hlediml School 
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Loewi, Fletcher and Henderson (6) opposed the secretion theory of 
Von Schroeder and held that the pnmary action of caffeine was one of 
renal vasodilatation, which tended to increase filtration through the 
capillaries Phillips and Bradford (7), Gottlieb and Magnus (8) and 
Starling (9), while studying changes in kidney volume by means of the 
oncometer, found that caffeme diuresis was accompanied by a persistent 
and marked expansion However, as Cushny has suggested, the kidney 
volume depends not only on the calibre of the blood vessels, but also on 
the contents of the renal tubules and the amount of lymph in the inter- 
stices Vanations in any or all of these factors would tend to influence 
the oncometer readings 

Hayman and Starr (10), in estimating the number of functioning 
glomeruli m the rabbit’s kidney by intra- vital staining methods, found 
that durmg the action of caffeme all glomeruli were open This work has 
been substantiated by that of Richards and Schmidt (11), who showed, 
while observing duectly the cuculation through the glomeruli in the frog’s 
kidney, that the number of active glomeruli and the degree of activity 
were increased by caffeine This would tend to increase the capillary 
surface and hence the extent of the filtenng bed 

Spiro and Vogt (12) found that, m addition to a diuretic action, caf- 
feine produced a marked increase m lymph flow through the thoracic 
duct They assumed that the drug had an action on tissue exchange 
which was independent of the renal action Spuo (13) studied the effect 
of theocine on rabbits and found that a single large dose produced first 
a polyunc and later an oliguric stage Durmg the polyunc stage there 
was a decrease in the sodium chloride per cent in both the luine and blood, 
and the water content of the blood was lessened During the oligunc 
stage the concentration of the blood gradually returned to normal In 
nephrectomized animals the drug produced an absolute decrease in water 
and chlonde content of the blood He concluded that the purine bases, 
as well as having an action on the kidney, also had a duect effect on tissue 
exchange, by means of which the tissues took up water and sodium chlond 
from the blood 

Ellmger, Heymann and Klein (14) recently advanced a chemical 
theory in which they held that the punne derivatives decreased the af- 
fimty of the plasma proteins for water and thus favored filtration through 
the glomeruli This view, however, has received little support 

Many investigators believe that the diuretic action of mercury is de- 
pendent on changes in the blood or tissues, some support the theory of a 
direct renal action, while others hold that both factors exist The work 
of Govaerts (15) strongly favors the theory of a duect action on the 
kidney In one group of expenments the kidney from a dog at the height 
of novasurol diuresis was transplanted to the neck of a normal dog, an- 
astomosing the renal artery to the carotid artery, and the renal vein to 
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the jugxilar vein At the completion of anastomosis an abundant unne, 
seven to one hundred times greater than that from the normal kidney m 
situ, ^vas obtamed This unne had all the charactenstics of novasurol 
unne. In another group of expenraents a kidney from a normal dog was 
transplanted to the neck of an animal at the height of novasurol diuresis, 
the unne output from the neck kidney was ten to one hundred tunes less 
than that from the novasurolized kidney in place The unne from the 
transplanted kidney was highly colored and lacked the charactenstics 
of novasurol unne From these expenments Govaerts concluded that 
the action of novasiuol was pnmanly on the kidney Schmidt (16) per- 
fused the frog’s kidney with small doses of novasurol and found that the 
drug produced a distinct diuresis Gremels (17), using the heart lung 
preparation of Starling and Vemey m imgating the dog's kidney, found 
that if he added to the blood of such a preparation 0 01 to 0 04 gram of 
novasurol or 0 02S gram of salyrgan a marked diuresis was produced, and 
this without change in the volume blood flow through the kidney Mel- 
ville and Stehle (18), believmg that novasurol was only indirectly active 
through its decomposition products, made use of mercunc chlonde 
They used dogs, injecting the drug into one renal artery and measunng 
the unne output from both kidneys The resulting diuresis began 
simultaneously from both sides, and in some mstances the output from 
the mjected kidney was dimimshed They concluded that mercury 
produced its diuretic effect through an extra-renal action Sever^ 
German mvestigators, mduding Nonnenbruch (19), Tezner (20), Saxl 
and Heilig (21) and Bohn (22), believe novasurol to act largely on the 
tissues and plasma colloids 

Since the introduction of digitalis into medical therapeutics there has 
been considerable controversy regardmg its diuretic action Some be- 
lieve that the drug has a direct effect on the kidney and its vessels, while 
others hold that diuresis is the result of an improved general arculation 
Reiruke (23) investigated the acbon of digitalis on the rabbit’s kidney by 
administering the drug to a group of ammals over a long penod of time 
He found the kidneys of these ammals to be larger than those of a control 
senes and suggested that under the influence of the drug the kidneys had 
undergone excessive actinty Phillips and Bradford (7) found that digi 
talin produced a decided mcrease in unnary flow when administered to the 
dog, this was accompanied by a penpheral vascular constncbon as indi 
cated b> the oncometer Strophanthin had little effect either on the vcs 
Eels of the kidney or the unnary output Kasztan (24) perfused the 
kidney of the dog, cat and rabbit with Ringer’s solution WTien small doses 
of strophanthin were added to the arculation, artenal dilatation tookplace, 
larger doses caused constnction He concluded that strophanthin had a 
penpheral effect on the vessels of the kidney Fahrenkamp (25) ob- 
tained identical results using digitovn m place of strophanthin Gremels, 
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whose work has been referred to, concluded that strophanthin and digi- 
toxin had an action on the renal parenchyma quite separate from that 
on the penpheral vessels 

The following experiments were performed on dogs in the laboratory 
of the Department of Medicine of Harvard Medical School, at the sug- 
gestion and under the supervision of Dr Henry A Chnstian, Hersey 
Professor of the Theory and Practice of Physic in Harvard University 
The object of the work was to study the effect of the injection of diuretics 
in varying dosage into one renal artery It was felt that, if the diurebc 
had a direct action on the renal parenchyma, a dose sufficiently small 
should produce a diuresis from the injected kidney and leave the opposite 
kidney unaffected (since it could not reach the other organ in the same 
concentration), a slightly larger dose should produce a bilateral effect, 
mamfested earlier and being more marked on the injected side, while a 
still larger dose rmght shut down the injected kidney and from the other 
induce a diuresis 


EXPERIMENTAL METHODS 

The dogs used in this work were healthy young ammals They were allowed 
water but depnved of food for a penod of eighteen hours pnor to the beginning 
of the expenment 

Anesthesia was induced by the intrapentoneal injection of dial "Ciba”* 
with urethane, m doses of 0 65 cc per kgm of body weight This dosage was 
sufRaent to cause complete anesthesia in 20 to 30 minutes, the effect persisting 
throughout the duration of the expenment Only rarely was it necessary to 
use additional small doses of dial The animal was placed on a warm padded 
operating table The abdomen was opened by a low midline inasion and the 
bladder delivered to the surface The ureters, at the point of entry into the 
bladder, were isolated and dissected free for a distance of approximately 1 cm 
A small inasion was made into each ureter at an avascular point and flexible 
ureteral catheters of equal diameter inserted These were held in place and 
leakage prevented by a ligature of number 0 chromic catgut The bladder was 
emptied and returned The pentoneum, the muscle wall and the skin were 
approximated in three layers, by a continuous suture of black silk, allowing the 
distal ends of the catheters to escape from the lower part of the inasion The 
above procedure usually required twenty to thirty minutes 

Unne was collected from each catheter into graduated cylinders and meas- 
ured at half-hourly intervals Hydremia was mcuntained by the intravenous 
injection of 100 to 200 cc of 0 9 per cent NaCl solution every thirty minutes 
The solution was warmed to body temperature and injected slowly from a 
100 cc synnge at the rate of 50 cc per minute into one of the leg vans 

Because of the relative ease in exposure, the left renal artery was chosen for 
injection of the diuretic With the animal on the nght side, an infracostal 
inasion was made through the skin and muscles of the left flank The pen- 
toneum was gently drawn aside and the renal artery isolated, care bang taken 


* We wash to express our thanks and appreaation to the Ciba Company, 
Greenwich and Morton Streets, New York City, for supplying us with the 
anesthetic used in this work 
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to avoid undue trauma to the nerves running along the artery, to the renal vein 
and the ureter The artery was supported by a loosely held ligature of number 
0 catgut The diuretic was injected slowly through a small needle, on the 
withdrawal of which bleeding was controlled by light pressure with a gauze 
pack. During injection the blood supply to the kidney was disturbed as little 
as possible, and at no time was shut off for more than a fraction of a minute. 
The muscles and skin were approximated with a continuous suture of black silk 

The duration of each exjienraent was Sj to 6 hours, a control period of 2i to 
3 hours preceding the injection of the diuretic At the termination of the exper- 
iment the ammal was sacrificed, and the catheters and ureters examined in 
order to rule out any factors which might interfere with unne flow 

Examination of the unne included speafic gravity determinations, and 
estimation of albumin by the Heller test. 

RESULTS 

This study included eighty-two expenments from which typical 
e.'tamples have been selected as illustrative of the action of each diuretic 
used 

Since the expenments were acute in nature, it was necessary to study 
the relation of the anesthetic to unne output In Figure 1 the results of 
the intravenous mjechon of 200 cc of 0 9 per cent NaCI solution every 
half-hour upon the rate of unne excretion in (a) the normal unanesthetized 
dog, and (b) the dog anesthetized by the intrapentoneal injection of dial 
are well shown In the normal dog an enormous diuresis was produced, 
whereas in the anesthetized ammal the output at hourly intervals never 
exceeded 40 cc This depicts the inhibitory r61e played by the anesthetic 
throughout these expenments 

Figure 2 shows the results obtained by the injection directly into the 
left renal artery, of small doses of the organic mercury compounds (salyr- 
gan and novasurol) With the dosage used, the injected kidney showed a 
very definite and prompt diuresis, while the output of the opposite kidney 
did not mcrease In the expenment wuth novasurol, shown m the upper 
set of curves, there was difficulty in exposing the main artery, only one of 
the two branches could be injected This undoubtedly e.xplams the 
relatively slight diuretic effect The response to slightly larger doses is 
illustrated in Figure 3 It is noted that both kidnej's showed a well 
marked diuresis, which was earlier in onset and more profuse from the 
injected side Figures 4 and S present the results of still larger doses, with 
these dosages the output of the injected kidney was diminished, while 
that of the opposite side was increased enormously The observations 
wnth theocine-sodium acetate are showm in Figure 6, the response to this 
drug resembled in kind but was less marked than that with the mercury 
compounds In the experiments in which small doses of salyrgan, 
novasurol and thcocme-sodium acetate were used, the unne from the 
injected kidney was pale m color, of a low speafic gravity and showed 
albumin, while that from the opposite kidney remained well colored, of a 
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Fig 1 A Unanesthetized dog, unne output m cc per hour B Anes 
thetized dog, solid line shows unne output in cc per half hour from left kidney 
broken line shows unne output in cc per half hour from nght kidney 
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Fig 2 Solid bne shows unne output in cc. per half hour from left kidney 
(Injected kidney) broken line shows unne output in cc. per half hour from nght 
Iddney Arrow indicates injection of diuretic. 
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Fig 3 Solid line shows unne output in cc per half hour from left kidney 
(injected kidney), broken line shows unne output in cc per half hour from 
nght kidney Arrow indicates injection of diuretic 
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Fig 4 Solid line shows unnc output in cc. per half hour from left ladnej 
Gnjected ladney) , broken line shows unne output in cc per half hour from nght 
Indney Arrow indicates injection of diuretic. 
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Fig 5 Solid line shows unne output in cc per half hour from left ladney 
(injected kidney) , broken line shows unne output in cc per half hour from nght 
kidney Arrow indicates injection of diuretic 
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Fig 6 Solid line shons unne output in cc. per half hour from left kidney 
(injected kidney) , broken line shoii's unne output in cc. per half hour from nght 
kidney Arrow indicates injection of diuretic. 
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Fig 7 Solid line shows unne output in cc per half hour from left kid 
ney (injected kidney), broken line shows unne output in cc per half hou 
from nght kidney Arrow indicates injection of diuretic 
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Fig 8 Solid line shovs’s unne output in cc. per half hour from left kidney 
(injected kidney) broken line shows unne output in cc. per half hour from 
nght kidney Arrow indicates injection of diuretic. 
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Fig 9 Solid line shows unne output in cc per half hour from left kidney 
(injected kidney) , broken line shows unne output in cc per half hour from nght 
kidney Arrow indicates injection of diuretic. 
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considerably higher speafic gravity, and showed no albumin or only the 
shghtest possible trace With larger doses of the same diuretics the 
unnes from both kidneys were mdentical in color and speafic gravity, 
but that from the mjected kidney showed relatively more albumin 

Figures 7 to 13 indicate the results observed with the mjecbon of 
varying doses of caffeine-atrate, theobromme-sodium salicylate,* theo- 
phylhne-ethylene-diarmne,* theophylhne-calaum salicylate and urea 



Fig 10 SoUd line shows unoe output in cc per half hour from left kidney 
(injected kidney) broken fine show* unne output in cc. per half hour from nght 
kidney Arrow indicates injection of diuretic. 

It is noted that this group of diuretics produced a bilateral response, the 
time interval between injection and onset of diuresis showing little 
difference as regards the two kidneys In some of these experiments 
diuresis commenced a few minutes after injection of the diuretic, in others 
a considerable latent period was noted The effect of digitan is showm in 


• Wc wash to express our thanks and appreaation to Bilhuber ICnolI Cor- 
poration, 154 Ogden Avenue, Jersey City, New Jersey, for supplying us wath 
theobromine sodium salic> late (diuretin) and theophylhne-calaum salicylate 
(phylhan) used in these experiments 

* We wash to express our thanks and appreaation to A W Kretschmar, Inc., 
396-398 Broadway, New York City, for furnishing us wath theoph>lhne-eth 
ylene-dinmine (thephjldine) used in this work. 
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Fig 11 Solid line shows unne output in cc. per half hour from left kidney 

(injected kidney) , broken line shows unne output in cc per half hour from nght 
ladney Arrow indicates injection of diuretic 
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Figure 14 A bilateral diuresis occurred, but the output of the injected 
kidney u’as relabvely less, particularly u hen larger doses of the drug were 
used In this group of expenments the unnes from the two kidneys were 
practically identical dunng the period of diuresis They were alike in 
color, of an equal speafic gravity, and showed similar amounts of albumin 
(slightest possible trace to very slight trace) 



Fig 12 Sohd line shows unne output in cc per half hour from left ladnej 
(injected kidney) broken hne shows unne output in cc per half hour from right 
kidney Arrow indicates injection of diuretic. 
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Fig 13 Solid line shows unne output in cc per half hour from left kidney 
(injected kidney) , broken line shows unne output in cc per half hour from nght 
kidney Arrow indicates injection of diuretic 
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Fig 14 Solid line shows unne output in cc, per half hour from left kidney 
(injected ladney) broken line sho^s unne output in cc. per half hour from nght 
iadney Attov, indicates injection of diuretic. 
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DISCUSSION 

Von Schroeder (1), who first investigated the diuretic action of the 
punne group, came to the conclusion that the dog’s kidney was refractory 
to caffeine, since he failed to obtain a diuretic response Wallace and 
Pellini (26), working with dogs in a state of water balance, and nitrogen 
and salt equihbnuna, found that the caffeine group actually diminished the 
daily unne output However, a review of their experiments shows that 
the unne was collected by catheterization at twenty-four hourly intervals 
It seems quite possible that although the daily unne output was dimin- 
ished, there may have been a penod of diuresis with subsequent ohguna, 
m which case the total output for the day might not necessarily be 
increased Loeb (27) also was unable to obtain a defimte diuresis by 
admmistenng caffeine to the normal dog, but noted that when hydremia 
and diuresis were induced by a constant infusion of saline solution, the 
secretion of urme was increased to a marked degree 

In our expenments hydremia was maintained by the intravenous 
injection of 100 to 200 cc of 0 9 per cent NaCl solution every half-hour 
That a good deal of this flmd was stored in the tissues there is little doubt, 
for as Bogert, Underhill and Mendel (28) have shown, complete restora- 
tion of onginal blood volume in the rabbit and dog, takes place m thirty 
minutes after the mtravenous injection of a quantity of saline solution 
equal to the calculated blood volume of the animal They estimated also 
that the capacity of the tissues of the rabbit to absorb fluid was four 
times the normcil blood volume of the ammal 

In the normal dog this amoimt of saline solution should induce an 
enormous diuresis, probably as Cushny has suggested by dilution of the 
plasma proteins, which results m a more profuse filtration through the 
glomeruli However, in our expenments which were conducted not on 
the normal dog, but on the dog subjected to prolonged anesthesia, a 
dilution diuresis appears to have played an insigmficant part This is 
probably attnbutable to the inhibitory action of the anesthetic, an action 
which has been observed by many workers, and one which seems impossi- 
ble to overcome in acute animal expenmentation Fee (29) has shown 
that water diuresis in decerebrate dogs is markedly dimmished by the 
administration of vanous anesthetics, the inhibition lasting for the same 
length of time as the narcotic effect Ogden (30) made similar observa- 
tions, using as an anesthetic full doses of amytal by the intrapentoneal 
route This inhibitory action is well shown in Figure 1, where the 
infusion of 200 cc of 0 9 per cent NaCl solution at half-hour periods in 
the normal dog gave nse to a marked diuresis, whereas the dog under dial 
anesthesia showed a constant output with no tendency to diuresis In 
a few other experiments, particularly with the purine group of diuretics, 
w^here for some reason or other the diuretic failed to act, the same more or 
less constant urine output continued throughout the duration of the 
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expenment, there being little tendency to diuresis from the injected 
saline These observations justify the assumption that the diuretic 
effects obtained m our expenments were precipitated by the injection 
of the diuretic, and were not the result of a spontaneous diuresis from 
the injected saline solution, although the latter may have augmented the 
diuretic effect of the former 

From our experimental results we feel justified m dividing the diuretics 
used in this work into two main groups, (1) those that appear to exert 
their primary effect by a direct action on the renal parenchyma, and (2) 
those that appear to have a different and possibly an extra renal action 

Included in the first group are the organic mercury compounds 
(novasurol and salyrgan), also one of the xanthine dervvatives ftheoane- 
sodium acetate) When small doses of novasurol and salyrgan are 
injected directly into one kidney an immediate and well marked diuresis 
ensues from the injected aide, the unne immediately changes from one of 
high color to one of pale color, shows albumm and has a lower specific 
gravity, whereas the unne from the opposite kidney retains its color, 
shows no albuimn and no change in sjiecific gravity Slightly larger 
doses induce a bilateral diuresis, more marked and earlier in onset from 
the mjected aide, the unnes from both kidneys being pale and of an 
equally low speafic gravity, that from the injected kidney showing more 
albumm Still larger doses shut down the injected kidney and produce a 
marked diuresis from the opposite side, the unne from the injected kidney 
showing a considerable amount of albumm (slight trace to trace) The 
probable explanation of these results is that salyrgan and novasurol 
induce diuresis by a direct action on the renal parenchyma, possibly 
involving the tubules mth resulting decreased absorption The action 
of theocme-sodiura acetate is similar to that of the mercunal drugs, 
although the diurebc effect is less marked 

The second group includes caffeine-citrate, theobromine-sodium 
salicylate, theophylline-ethylene-diamine, theophylline-calaum salicylate, 
urea and digitan The injection of any of these diuretics in varying doses 
results in a bilateral diuresis, beginning in some instances a few minutes 
after injection, in others after a latent penod has intervened Both kid- 
neys respond to about the same degree, and the unnes from both sides are 
identical It is noted that in the expenments in which theobrormnc 
sodium salicylate was used, the diuresis from the injected kidney was 
alw ays a little greater than that from the oppiosite side, and in one expen- 
ment, Dog 32, Figure 9, the mjected kidney showed a moderate diuresis, 
while the opposite kidne> failed to respond, the unne from the injected 
side was pale m color and of a much lower speafic graxnty With 
theophylline-cthylene-diamine, the output from the injected kidney was 
usually slightly less than that from the opposite kidney Urea and digi- 
tan arc less effective than the other diuretics included in this group 
With digitan, particularly m larger doses, the diuresis from the inj 
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Side was somewhat less m degree This may be due to the penpheral 
vasoconstnctor effect of the digitalis senes on the renal vessels It seems 
logical to conclude from the study of this group, that the mechanism of 
diuresis differs from that induced by the mercunal compounds (novasurol 
and salyrgan) and by one of the xanthine group (theoane-sodium-acetate) , 
and that possibly an extra-renal site of action may be an important factor 
in the response to these drugs Further mvestigation will be needed to 
explain satisfactonly the definite mechanism of diuresis from these two 
apparently differently acting groups of diuretics 

CONCLUSIONS 

From observations on acute expenments with the anesthetized dog, 
rendered hydremic by the intravenous injection of saline solution, we 
draw the following conclusions in regard to the action of certain diuretics 
when introduced directly mto the renal artery to one kidney (the left 
kidney) 

1 Novasurol, salyrgan and theocme-sodium-acetate when injected in 
small doses, directly into the left renal artery of the dog, produce a 
diuresis from the left kidney and little change m the excretory activity 
of the nght kidney, in somewhat larger doses diuresis from each kidney 
vanes but little, while when still larger doses are used there follows an 
active diuresis from the nght and a not increased or a decreased excretion 
from the left kidney (the kidney into whose artery the diuretic is directly 
injected) 

2 Caffeine atrate, theobronune-sodium-salicylate, theophyllme-ethy- 
lene-diamine, theophyllme-calcium-salicylate, urea and digitan in con- 
trast, produce approximately the same unnary excretion from each kidney, 
although the diuretic has been injected directly into the renal artery of 
only one kidney 
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Within recent years the "classical" interpretation of electrocardio 
grams of bundle branch block, which was based on Lewis’s work on dogs 
(1), has been questioned Wilson and his coworkers (2) came to the 
conclusion that the bundle branch actually involved was just the reverse 
of the "classical” interpretation These conclusions were based on the 
relabve time of mitial negativity of the two ventricles in man in bundle 
branch block as presumably given by so-called "semi-direct” leads from 
the chest wall over the nght and left ventncles The cntenon used in 
such measurements, namely the point in the QRS group of the electro- 
cardiogram where the deflection first begins to nse, has not been shown 
conclusively to mdicate the activation of the region beneath the electrode 
The second line of evidence is based on the appearance in ordinary 
indirect leads of extrasystoles produced expenmentally in a clinical case 
of pencardial fistulae and pcncardibs (Barker, Macleod and Alexander 

(3) ) recently confirmed on another subject by Marvin and Oughterson 

(4) The direction of the QRS group of the extrasystoles from the two 
ventncles was just the reverse of that anbapated on the classical theory 
of Lewis The evidence, however, is not convmcing that these hearts 
were normal m size and posibon 

Some years ago Fahr (5) claimed to have shown on theoretical grounds 
that the classic^ interpretation of bundle branch block reversed the 
bundle branches It has furthermore been known for a long time that 
while nght bundle branch block was the more common electrocardio 
graphic diagnosis, yet at autopsy left bundle branch block was more 
common (cf Taussig (6)) It must be pointed out that tlie electrocar 
diographic and autopsy findings in individual cases do not alwrays agree 
— in some cases they do, (Hill (8), Taussig (6)), in others they do not, 
(Oppenheimer and Pardee (7), Mahain (14)) The problem is further 
complicated by the fact that the electrocardiographic evidence of bundle 
branch block can be present wthout any demonstrable anatomical lesion 

' Aided b> the Emil and Fanny Wcdelcs Fund of the Michael Reese Hospital 
for the Study of Diseases of the Heart and Circulation 
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The foregoing argument concerning bundle branch block woul4 apply 
with equal weight to extrasystoles of ventricular ongin 

Recently, in reviewing the subject of bundle branch block one of us, 
(Katz (9)), came to the conclusion that some of the difficulty involved in 
interpreting the electrocardiogram m bundle branch block was due to 
variations in the position of the heart in the chest and in the amount and 
distribution of ventncular hypertrophy and dilatation Evidence has 
been presented on the isolated preparation, (Boden and Neukirch (10)), in 
the open-chested dog, (Meek and Wilson (11)), and m man, (Nathanson 
(12)), that shifting the heart’s position altered the direction and amplitude 
of the major initial deflection in the electrocardiogram The changes 
were for the most part those anticipated, except when the heart was 
rotated on its own long axis 

In the present study an attempt was made to analyze the changes, 
produced m different positions of the heart, m the electrocardiographic 
appearance of ventricular extrasystoles, denved from fixed points in the 
dog’s ventncle 

EXPERIMENTAL METHODS 

The expenments were made on seven dogs, anesthetized with barbital, with 
open chest and artifiaal respiration Pairs of platinum electrodes were inserted 
in four regions of the heart, to wit, the base of the nght ventncle, the apex of 
the nght ventncle, the base of the left ventncle and the apex of the left ven- 
tncle The wires from these electrodes were coiled and suspended from an 
insulated rod By means of a distnbutor the current for produang the 
extrasystoles was sent at will to any of these regions A modified Lewis rotat- 
ing current interrupter was employed to induce the extrasystoles The rate 
of these stimuli was adjusted so that an extrasystole was induced every third 
or fifth beat at approximately the same point in diastole In three of the 
expenments the heart rate was controlled by another set of commutators 
connected to the same rotating pole that had the commutators for the extra- 
systoles In this fashion a constant exact placement of the extrasystole in 
the heart cycle was obtained It was found, however, that this refinement was 
not necessary if the extrasystoles were placed late in diastole 

The position of the heart was adjusted by proper traction on three threads 
sewn into the heart, one in the apex, one on the lateral wall of the left ventncle, 
and one on the lateral wall of the nght ventncle Six positions of the heart 
were used, viz 

1 Heart honzontal and apex pointing caudad * 

2 Heart’s apex up to form an angle of approximately 50° with the long 
axis of the body, apex pointing caudad 

3 Heart’s apex up 25°, and to the left 30° of the long axis of the body 

4 Heart’s apex up 25°, and to the nght 30° of the long axis of the body 

5 Heart's apex up 25°, to the left 15° of the long axis of the body, and 
heart rotated on its own long axis to bnng nght ventncle more antenorly 

6 Heart’s apex up 25°, to the nght 15° of the long axis of the body, and 
heart rotated on its own long axis to bnng left ventncle more antenorly 

While it was attempted to make the shifts as simple as possible, displace- 


* The normal position of the heart’s apex is 25° up from the honzontal 
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mcnta in other planes and rotation in moMng the heart bet\\ecn positions in 
the first tvko pairs of positions (1 and 2 3 and 4) could not be a\oidcd 

Tlic electrocardiograms usual leads, v^erc taken in each of these positions in 
quick succession in the follownng order Lead I was taken with the distnbutor 
arranged to gne extras} stoles first in the base of the nght \cntnclc, then in 
the apex of the nght \entnclc, then m the base of the left ^cnt^clc, and then 
in the apex of the left \entncle Leads II and III were taken with extras} stoles 
produced in the same order Each record was standardized 

The amplitude of the major initial deflection in each record was measured 
and corrected for standardization When a P W'ave fused wnth the QRS group, 
this was taken into account, to a\oid error wnth large P wa\es A positnc 
major imtial deflection was designated by plus a ncgati\c one b} minus 
\\ hen the two phases were of almost equal amplitude they were both measured 
and placed wnth proper sign one after the other These measurements arc 
assembled in Table I The change in the so-called clcctncal axis assoanted 
with the shift in the hearts position wms determined b} using Finthovcn’s 
\ector analysis The shift in electrical axis was determined beUveen each pair 
of heart s positions ^nz positions 1 and 2 positions 3 and 4 and positions 5 
and 6 abo\ c This was faalitated by means of the twelve diagrams in Figure 1 
Since It has been shown by Zcisler (13) that Einthoven’s vector is only a rough 
estimate and since the three leads were not taken simultaneously nor arc the 
peaks of the major deflections in the three leads necessarily homologous points, 
this analysis is to be considered no more than a rougli estimate of the changes 
in the manifest potential Nevertheless as will be shown below, stnking 
changes were found 



Around 360® Twflve Stages 

The arrow's on the three sides of the tnanglc give the direction and rchtivc 
magnitude of the projection of the "manifest polcnual in each lead \s 
pointed out in the text Einthovcn s analysis is only a rough estimate 

RESULTS 

It was found that as the npc\ of the heart was raised 50® from the 
honzontal, the amplitude of the major initial deflection of the sinus and 
cxtnsystolic beats decreased (cf Table I and the complete protocol of 
Experiment 8 reassembled in Figures 2, 3, 4 and 5 to show the variation 
in configuntion of the sinus beats and of the same cxtrisy stoics in the 
SO 
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Ik 1 The rLECTRocARDiocR\rnic iVppEARVNCE IN THE Ordinar\ Turee Leads OF THE Sivus Bevt \vd of the Extra- 

STsTOLB IsnUCFD IS \ FiXED ReFION OF THE RlGHT VENTRICULAR ApEX IN THE SiX POSITIONS OF THE HEART (EXPERIMENT 8) 
The po'ition^ of the henrt are labelled as m Figure 2 




LOUIS N KATZ AND WALTER ACKERitAN 


1227 



:\TH \ 


Expen / / / 

'Pent Heart / Heart 

number hori / npex 50» 

/ / xontal / ."Pfrom 

/ ”K;- 




^ 'Ht ^ / Wtert apes 

. of the -JO” rJeh^ 


i RB 


I,!! h‘ 


300 lej-?' 
, of the 

'°Uf avis 
of bodj 


tno upej 
•’°°'UEht 
, °f the 

or"? 

of bodj 


+ 1 

-1+1 

-1 


I + 65 

+ 4 
' 3 


Bb 


•3 BA 


/ 6 / 

+ 

/ l~~ 3 s / "■■ 

~~+L±!2^ +s 

/ ir 

/ u Li+'> /’^ 

.N/+J / 

/ 1+6 / i 

,''/+28 / +' 
/+ 2 I 


+2 5 
+2 
-1 


i^iL 

l+Tr 

I +15 
+11 


/ -13 5 
+ 4 
' +10 


: L^^^^nlls' 

/ P'vn long nrf., I 
/ to brfoo / 

-_/___fPtenorjj^/ 

/ +25 

1 ^ / 

j^Tl r 

I +55 

+ 55 / 

+ 3 / 

+ 35 ' 

+ ^ / - 
- 55 
-25 1 

>9 ~ 


7^'artap 
/ Pfcht of 
/ axis of ( 
/ hear 
/ ^tedon 

own long" 
' to bring 1 

'’entnclen 

aptenorl 


/+2 

/ +IS 

/_+__^ 
1 + 45 
I +18 5 
+ 75 


/ +13 

/JT'i 

+18 5 / 


- ">4cati “""Sl’t deflect?'' <>"■«« 



LOUIS K KATZ AND WALTER ACKERilAN 


TABLE I (cOTjltniMi) 








1 Heart apex 15 

Heart 




Ileort 

Heart apex 
40*ldft 

Heart apex 
iOTffiht 

left of lonp 

riRhl 

Eipcri- 


Heart 

Bi>ci 50* 

nod heart ro- 

and 1 

meet 

Lead 

horl 

npfrom 

of the 

of the 

toted on It* 


number 


*ontal 

Ions (uda 

lone axla 
^ ood> 

Ions axle 

own loos axil 

own 1 




of bod) 

of body 

to brins riitht 

to bi 







ventricle more 

ventr 







ontcriorl) 

ant 

4 N 

1 

+ 8 

-2+2 

+ 13 

- 2+2 

+ 17 5 

— 


n 

+ 85 

-2 

+ 75 

+ 6 

+ 4 

— 


III 

- 4 

-45 

- S 

+ 6 

-125 

- 

4 RB 

I 

+ 65 

+2 

+ 16 

+ 5 




II 

+ 7 

+2 

+ 14 

+ 11 




III 

- 3 

+2 5 

-10 

+ 5 



4 LB 

1 

+ 5 

+4 






II 

+ 2 

+4 






III 

+ 55 

+5 








-05 








-4 








-9 





6 N 

I 

+ 1 

+0 5 

+ 1 

- 05 

+ 05 

+ 


II 

+ 9 

+ I 

+ 05 

+ OJ 

+ 25 

— 


111 

+ 65 

-2 5 

- 3 

+ 40 

+ 45 

— 

6 RD 


+ 35 

+2 

+ 2 

+ 45 

+ 2 

+ 



+ 4 

+i 

+ 1 

+ 6 

+ 4 

— 



- 4 


- 4 

+ 5 

+ 9 

— 

6 RA 


+ 4 

■SHI 

+ 2 

+ 3 

“ 1 

+ 



+ 5 

bs^h 

+ 1 

+ 5 

+ 35 

— 



— 7 


- 3 

- 5 

+ 10 5 

— 

6 LB 

■1 

- 4 


- 2 

- 4 5 

- 3 5 



11 

+ 85 


+ 1 

- 4^ 

- 25 

+ 


III 

+ U 


+ 2 

+ 8 

+ 10 

+ 

6 LA 

i"^ 

+ 1 


- 05 

- 1 

+ 25 

- 


11 

~16 5 


- 4 

- 6 

- 2 

— 


111 

-15 


- 8 

-16 

-12 


7 N 

I 

+ 2 


+ 3 

+ 2 

+ 8J 

+ 

11 

+ 9 


+ 8 

+ 14 

+ 9 

+1 


111 

+ 14 



+13 

+ 6 

+ 

7 RB 

1 

+ 35 



BSH 

+ 45 

+ 

11 

+ 65 




+ 14 

+1 


III 

+ 85 



ufli 

+ 12 


7 RA 

I 

+ 4 

+2 5 

+ 55 

+ 10 

+ 8 

+ 

II 

+ 5 

+3 5 

+ 3 

+ 13 

+ 10 

— 


III 

- 6 

-I 5 

- 65 

+ 4 

+ 3 

-1 

7 LB 

1 

- 3 

-4 

— 7 

- 9 

- 85 

-1 

n 

-65 

-7 

- 6 

-19 

— 6 

— I 


III 

- 3 


+ s 


+ 85 

+ 

7 LA 

1 

11 

- 1 
-45 

-05 
— 7 

i 

wm 

- 55 

-ns 

-I 


in 

- 8 

-6 



— s 

““ 
























1230 


VENTRICULAR EXTRASVSTOLES 


T\BLE r (confwucd) 


Expcn 

nicnt 

number 

! 

Lead 

Heart 

iion 

zontal 

1 

Heart 
apex 50“ 
up from 
lone axis 
of bodj 

Heart apex 
SO" left 
of the 
long axis 
of bodj 

Heart apex 
50“ right 
of the 
long axis 
of bodj 1 

Heart apex 15“ 
left of long 
axis of bodj 
and heart ro 
tated on Its 
own long axis 
to bring right 
j entnde more 
anteriorlj 

Heart apex 15“ 
nght of long 
axis of body 
and heart ro- 
tated on its 
own long axis 
to bring left 
jcntncle more 
antenorlj 

8 N 

1 

+ 

2 

+0 5 

+ 05 

- 2 5+3 5 

+ 1 

- 1 


II 

+ 

6 

-2 5 

- 2 

- 5 

- 2 

- 1 


III 

+ 4 

-2 

- 4 

- 1 5 

- 2 

- 3 

8 RB 

I 

+ 

4 1 

+2 5 

+ 3 

+ 8 

+ 15 j 

+ 3 


II 

+ 12 

+9 

+ 5 

+ 9 

+ 7 

+ 4 


III 

+ 

6 

+3 5 

+ 2 

+ 7 

+ 7 

- 4 

8 RA 

I 

+ 

1 

-05 

- 1 

- 25 

+ 1 

- 3 


II 

— 

1 

-4 

- 25 

- 7 

+ 3 

- 5 


I III 

— 

1 

-3 5 

- 35 

- 35 

+ 2 

- 3 

8 LB 

I 

— 

3 5 

-2 

- 4 

-11 5 

+ 17 5 

- 7 


II 

— 

6 5 

-4 5 

- 35 

-22 

+ 4 

- 6 


III 

— 

2 

-3 

+ 05 

-10 

-12 5 

- 2 

8 L\ 

! I 


2 5 

-05 

- 2 

- 6 

+ 05 

- 4 


If 

_ 

9 

-8 

- 35 

-IS 

- 8 

- 6 


|iii 

— 

7 

-7 

-45 

-11 

1 

- 8 

- 6 

1 

Q N 

I 




+ 7 

- 25 




II 




+ 7 

+ 7 




III 




- 35 

+ 7 



9 RA. 

I 




+ 10 

+12 




If 




+ 11 

+ 16 


i 


III 




+ 2-2 5 

+ 9 




\ anous positions of the heart) The variability in the shift of the electri- 
cal axis to the right or left is shown in Table II The shifts of the electri- 
cal axes of the various extrasystoles m a single experiment were not 
proportional to each other nor to the shift in the electrical axis of the 
sinus beat In fact, in practically every one of the experiments the shift 
in electrical axis was in an opposite direction m some beats to that in 
others of different origin 

Usually' the deflections were larger when the apex of the heart was to 
the right of the long axis of the body than when the apex was to the left 
The deflections vere also larger when the right ventricle was rotated 
anteriorly than when the left ventricle was rotated anteriorly, although 
there \\ ere many exceptions (Table I) 

It w as found that moving the heart’s apex from right to left in relation 
to the long axis of the body vith or vuthout rotation of the heart on its 
own long axis (viz , positions 3 and 4, 5 and 6) also gave a lack of pro- 
portionality m amount and a discordancy in direction of the shift of the 
electncal axis of the various types of beats (Table II) Furthermore, 
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TADLE n 


Shift j» electrical axis 


Etperi- 

went 

number 

^lechaD 

Ism* 

Shift of heort 
(tom Uoriiontal up 

Shift of lieart 
from rlftht to Irft 

Shift of heart from right to left 
plai rotation of heart on its own 
kmtt axlt from left ventricle 
anterior to rlKhl ventrldc anterior 

1 

Nomrnl 

Left 

Left 

Right 


RB 

Left 

Left 

Left 


RA 

Left 

Left 

Right 


LB 


Right 

Left 


LA 

Right 

Right 

Right 

3 

Normal 

Left 

Left 



RB 


Left 



RA 


Right 



LB 


Left 



LA 


None 


4 

Normal 

Left 

Left 



RB 

Right 

Left 

Right 


LB 





LA 

Right 



6 

Normal 

Left 

Left 

Right 


RB 

None 

Left 

Right 


RA 

Right 

None 

Right 


LB 

Left 

Left 

Right 


LA 

Right 

Left 

Right 

7 

Normal 

Left 

Left 

Lett 


RB 

None 

Left 

Right 


RA 

Right 

Left 

Right 


LB 

None 

Left 

Uft 


LA 

Left 


None 

8 

Normal 

Left 

Right 

Right 


RB 

None 

None 

Right 


RA 

Left 

Right 

Right (180°) 


LB 

Right 

Left 

Right 


LA 

Right 

Ixft 

Right 

9 

Normal 


Left 



RA 


Left 



* Normal equals sinus rh>thm 
RU ■= Cxtrasi stole from nght base 
RA = Rxtras> stole trom ngbt apc\ 

I B = Fxtrast stole from left base 
LA = Extrasj stole from left apex 

ttliile the shift of the electncal axisatas in the same direction as the shift 
in the anatomic axis in most tx-pcs of beats w hen the heart s ajicx t\ as 
moxed from right to left of the long axis of the IkxIj witli practicall> no 
rotation of the heart on its ow n long axis the shift of the electncal axis 
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was opposite m direction to that of the anatomic shift in most types of 
beats i\hen this moiement of the heart’s apex was simultaneous with 
rotation of the heart on its ov n long axis (Table II) This result agreed 
vith the observ ations of Boden and Neukirch (10), Meek and Wilson (11), 
and Nathanson (12) on the sinus beats We have not only confirmed 
these results but have shown that they apply also to ectopic beats arising 
in ^ arious parts of the ventricle 

The variations in the shift of the electrical axes gave rise, as might have 
been expected, to reversal in the direction of the major deflection of the 
QRS group in a number of instances The frequency of this occurrence 
has been summarized in Tables III and IV and typical examples are 

TABLE III 

On shtfling heart’s analomic a\is from right to left following reversals of 
direction of QRS noted 


4 out of 7 N shifted 

— to 4“ 

Lead I 

4 out of 7 N shifted 

+ to — 

Lead III 

3 out of 6 RB shifted 

4" to — 

Lead III 

1 out of 6 RA shifted 

— to 4" 

Lead I 

2 out of 6 RA shifted 

4- to — 

Lead III 

1 out of 5 LA shifted 

4- to - 

Leads I and 11 

1 out of 5 LB shifted 

— to 4- 

Lead 11 

2 out of 5 LB shifted 

— to 4- 

Lead III 


\ = Normal complex 

RB = Extrasy stole from right base of heart 
R A = Extrasystole from right apex of heart 
LB = Extrasystole from left base of heart 
L A = Extrasystole from left apex of heart 

TABLE IV 

On shifting heart’s anatomic axis from right to left and rotation on long axis from left 
lentriclc anterior to right ventricle anterior following reiersals of direction of QRS voted 


1 out of 5 N shifted 

— to 4- 

Leads I and III 

1 out of 5 N shifted 

4- to — 

Lead I 

2 out of 5 N shifted 

— to 4" 

Lead 11 

1 out of 4 RB shifted 

— to 4* 

Lead II 

3 out of 4 RB shifted 

— to 4- 

Lead III 

1 out of 4 RA shifted 

— to 4- 

Lead I 

1 out of 4 RA shifted 

4- to — 

Lead I 

3 out of 4 RA shifted 

— to 4- 

Lead II 

4 out of 4 RA shifted 

— to 4- 

Lead III 

1 out of 4 LB shifted 

— to 4- 

Leads I and 11 

1 out of 4 LB shifted 

4- to — 

Lead II 

2 out of 4 LA shifted 

— to 4- 

Lead I 

1 out of 4 LA shifted — to 4* 

X = Normal complex 

RB = Extrasx stole from right base of heart 

RA = Extras^ stole from right apex of heart 

LB = Extrasx stole from left base of heart 

L A = Extrasx stole from left apex of heart 

Lead II 
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shown in Figures 6, 7 and 8, as \\dl as in Figure 2 (cf Lead III of RVA 
and LVA) Thus in Figure 6, uhen the heart s apex is shifted from the 
right to the left of the long axis of the body, the major inibal deflection 
of the extrasystole increases in Lead I, decreases in Lead II and becomes 
inverted in Lead III, the QRS group of the sinus beat changes from a 
small inverted to an upright deflection in Lead I, decreases in size in 
Lead 11, and becomes inverted in Lead III In Figure 7 the major 



Fig 6 The ELECTROCARnioGRAruic Apicarsncf in the Oruinart 
Three Leads of the Sinus Beat and of the Fxtr\s\ stole Induced in a 
Fixed Region of the Fight Ventricular ^pex in Tno Positions or IIfart 
(Exferijient 5) 

R and L ha\e the same significance as in Figure 2 Lotc reicrsal of dircc 
non of QRS of the extrrsv stole in Lead III 

initial deflection of the extras> stole increases in size, espccnlK in Lead 11, 
while in Lead III it becomes inxertcd on shifting the heart s aptx from 
the left to the nght of the body s long axis At the same time the sinus 
beat became more upright in all leads In Figure 8 the changes are 
jrarticularly striking since the major initial deflection is rcAsrsed in the 
two positions in Leads 11 and 111, indicating a shift in the Licctricnl 
axis of approximateh 180° in the plane of the leads The sinus licat 
shows a similar shift m tbe direction of the QRS group 


Fig 7 The Appearance of the Sinus Beat and of the Extrasistole 
Induced in a Fixed Region of the Left Ventricular Base in Two Po- 
sitions OF Heart (Experiment 7) 

R and L of same significance as in Fig 2 Note reversal of QRS of the 
e\tras\ stole in Lead III 
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Fig 8 The ELECTBOCARuiocRAriiic ArrEARANCE is the Ordisars 
Three Leads of the Sinus Beat and of the E\tras\stole Induced in a 
Fined Region of the Right Ventricih-ar Arcs (Experimdst 6) 

R\ A nlid L V A of same siEnifieancc as in Fig 2 Note re\ersal of QRS 
in Leads If and III 
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DISCUSSION 

The lack of proportionality of the changes, and the shift in opposite 
directions in the electrical axis of the various extrasystoles in a single 
experiment show s that the shift in the anatomic axis is not the only factor 
in\ oh ed The disparity arises from the fact that potentials set up by 
these cxtrasystoles act in three dimensions Changes in the position 
of the heart therefore will change the projection of the vector in three 
dimensions cast on the plane formed by the three leads ’ 

The projection of this “three-dimensional” vector on the plane of the 
three leads varies monotonicallj' with the inverse of the angle which it 
forms with this plane When the position of the heart is changed, the 
angles between the three-dimensional vectors of the extrasystoles and 
the plane of the three leads are altered unequally and sometimes in such 
a way that the projections on this plane move in opposite directions, as 
can I e seen from the diagram of Figure 9 This is particularly important 



Fig 9 Three-Dimexsional Diagram Showix'g the Moiement in 
Opposite Directions of the Projection on the Plane of Three Leads 
or THE Three-Dimensional Vectors Produced by Two Extrasnstoles 
When the Position of the Heart Was Changed 

A and B are the projections of the two xectors on the plane of leads 


"The projection on the plane of the three leads of the %ector in three 
dimensions has been termed the electncal axis of the heart in this paper, since 
It is commonh so used 
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Since rotation of the heart on its own long axis has such a tremendous 
influence, and since it is impossible to move the heart mthout changing 
the relation of the chambers to the plane of the leads 

In other u ords, we can view the movement of the heart in three dimen- 
sions as bnnging into prominence the effect of new regions and decreasing 
the effect of the old ones This may bring about a new balance in the 
plane of the leads in a direction opposite to the shift in the projection of 
the anatomic axis in this plane Results such as presented in this report 
reemphasize the fact that the three standard leads constitute only Uvo 
dimensions of the three dimensional potential differences set up by the 
heart 

The ability, by shifting the position of the heart, to reterse the direc 
tion of the major initial complex of ventncular extrasvstoles evoked from 
fixed spots shoivs that the position of the heart and its configuration can- 
not be Ignored in analyzing the origin of extrasystoles and the location 
of bundle branch block Furthermore, these results would tend to show 
that the configuration of the electrocardiograms of the extrasj^toles 
induced in the human heart by Barker, Macleod and Alexander (3) and 
by Marvin and Oughterson (4) may have been distorted by rotation and 
change m position of the heart or by dilatation of the ventncular cham 
bers, and it would be hazardous to assume wnthout further proof that 
their results can be applied to the normal human heart 

Although the changes observed in our experiments are probably more 
marked than occur in man they are nevertheless applicable since rotation 
of the heart on its own long axis has the greatest influence on the electncal 
axis Hypertrophy and dilatation by changing the relation of the heart s 
chambers to each other probably have the same influence as rotation of 
the heart on its axis, and such changes are probably as marked as those 
produced by these rotations In favor of this view is the fact that 
deviations just as marked as in our experiments sometimes occur in the 
electncal axis of the sinus beats in human hearts 

The results confirm the impression prexnouslj stated, that changes in 
the heart s position resulting from displacement or from dilatation and 
hypertrophj of the ventncles may be responsible in many instances for 
the discrepancj' between the electrocardiographic and postmortem diag- 
nosis of bundle branch block The frequency of preponderant left 
ventricular hypertrophj can explain the inversion of the major initial 
deflection in Lead III In other words, the bundle branch block increases 
the duration of the QRS group and the preponderant h> pertroph> deter 
mines the direction of the major deflections 

In the present state of knowledge and with the v'anabilitj. in direction 
of the QRS group which these expenments show can be produced b> 
changing the position of the heart, it would be preferable not to attempt 
to locate the site of ongin of ventncular extras} stoles and, for the same 
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reason, bundle branch block Instead, the diagnosis should be given as 
follows intra\cntncu1ar block of the so-called bundle branch block type 

We ha^e found a simihar result wath experimentally produced bundle 
branch block (Ackerman and Katz (15)) 

SmiMARY 

1 Studies were made of the effect, in the open-chested anaesthetized 
dog, of changing the heart’s position on the electrocardiograms of induced 
e\^ras^ stoles The shifts of the heart were (a) in an anteroposterior 
direction on the transverse axis at its base, (6) m a lateral direction on the 
anteroposterior axis at its base with practically no rotation on its long 
axis, and (c) rotation on its long axis (which runs from the base to apex) 
w ith some movement in a lateral direction on the anteroposterior axis at 
Its base The extrasvstoles w^ere induced in four regions, viz , the base 
and apex of the right and left ventncles 

2 The electrical axis of the various extrasystoles did not move the 
•jame amount nor always in the same direction when the heart w^as shifted 
The electrical axis mox ed in the same direction as the anatomic axis in 
most tvpes of beats w^hen practically no rotation on the heart’s owm long 
axis accompanied the change in the heart’s position The electrical axis 
moied in a direction opposite to the anatomic axis m most types of beats 
w hen the heart w as rotated on its own long axis at the same time 

I Many times the direction of the major initial deflection of the 
I xtrasvstoles was reversed in one or more leads 

4 The results are attributed to the unequal movements of the so- 
called three-dimensional vectors of the various extrasystoles when the 
heart was shifted This resulted m an unequal and at times opposite 
moxement of the projections of these three-dimensional vectors on the 
plane of the three leads 

5 The reversal in direction of the QRS group of ventricular extra- 
s' stoles, which often accompanied changes in the heart’s position, show'^s 
(a) that the configuration and position of the heart cannot be ignored in 
anahzing the site of A^entricular extrasystoles and bundle branch block 
in man, and (b) that the direction of the QRS group of extrasystoles 
induced m the two patients reported wnth pericarditis and pericardial 
fistula maA not be applied to the non-diseased human heart without 
consideration of the other factors inA'-oh’^ed 

6 On the basis of these results it aa ould be unjustified to attempt to 
localize the site of Aentncular extras 5 fStoles or of bundle branch block 
from the direction of the major initial complex in the three leads of their 
electrocardiograms 
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STUDIES ON THE ELECTRICAL SYSTOLE {"Q-T" INTERVAL) 
OF THE HEART 

rV The Effect of Digitaus on Its Dheation in Caebiac FAn-URE 

By S N CHEER and F R. DIEUAIDE 
(From rte Veparlmenl oj Meduine, Peiping Union Medical CoOege, Peiping, China) 

(Receroed for publication July 25, 1932) 

Though digitalis has been known in medicine since 1785 and its 
beneficial effects have been mtensively studied, its action on the heart 
muscle IS still far from fully understood Numerous studies have been 
made on animals, but very httle is known of its action on the dynamics of 
the human heart. Many theones have been proposed to explam the 
beneficial results of its use in disease, but to a large extent these have been 
based on animal expenmentation or inferred from clinical observation 
The work here reported was undertaken in the hope of obtaming informa- 
tion concerning the mechanism of the action of digitalis on the human 
myocardium in disease. At the same time a better understanding of this 
process might be expected to throw important light on the mechanism 
of heart failure 

In a previous study it was found that the electncal systole {"Q-T” 
interval of the electrocardiogram) varies with the cycle length m a way 
which can be expressed suffiaently accurately by the formula, S = K 
m which "S” IS the "Q-T" interval, “C” the "R-R” interval of the 
electrocardiogram, and “K" has the value of 0 374 ± 0 0012 for normal 
Chinese men and 0 388 ± 0 0015 for normal Chinese women (1) It 
has also been shown that m patients with heart failure the "Q-T" 
interval is prolonged m relation to cyde length, so that "K” in the 
formula just given was increased in average value to 0 432 ± 0 0023 for 
121 men and 0 432 ± 0 0027 for 100 women in our senes of patients with 
myocardial msufficiency (2) It would seem that this finding constitutes 
an important factor m the dynaimc disturbance under discussion 

For the present study ‘ a large number of patients with heart failure 
have been observed They have all been under our dmical direction 
The cases presented were not in any way selected Electrocardiograms 
were taken and measured by one of us under conditions descnbed m the 
previous papers Measurements were made from lead II with a few 
exceptions in which the “T” wave of lead II wasjndistinct (but the same 

' A preliminary report of this work was published in 1931 (3), at which time 
the work was completed Subsequently the article of Berhner (4) appeared 
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TABLE 1 

Elccirocardtograpktc measurements sTiowtng the effect of digitalis on “R-R" and “Q-T” 

intervals 


E K G number 2662 Female, age 14 Active rheumatic heart disease, mitral and 
aortic disease, pencarditis, heart failure IV 


Date and 
hour 

P-R 

interval 

T 

2 

1 

1 

1 

R-R 

interval 

Q-T 

Interval 

1 

Digitalis t Remarks 

Calcu- 

lated 

Q-T 

Inter- 

v^t 

Cal- 

cu- 

lated 

dura- 

tion 

sys 

tolej 

Ac- 

tual 

dura- 

tion 

sys- 

tole 









la 

JCC- 









wm 

onds 


seconds 

mm 

seconds 

seconds 


grams 


wjgk 

per 










mtn^ 






j 



ute 

ute 

January 20 










9am 

16 

3 5 

540 

330 

449 

None Weight 29 










kgm 

285 

31 6 

36 6 

2pm 

16 

3 5 

535 

335 

450 1 

None 




5pm 

16 

40 

530 

325 

447 ' 

0 3 at 5 and 8pm 

283 

31 9 

36 8 

January 21 





] 





9am 

IS 

35 

635 

290 

364 

0 6 at 8 a m 

309 

29 2 

27 4 

2pm 

24 

3 0 

680 

280 

339 

0 5 at 10 a m 




5 p m 

20 

20 

640 

255 

319 

0 2 at 1 p ra 




January’ 22 










9am 

20 

30 

590 

240 

318 

Total 1 9 

298 

30 3 

24 4 

2pm 

24 

0 

936 

278 

287 

Occasional 2 1 block 




5pm 

24 

25 

970 

315 

319 





January 23 










9am 

24 

2 5 

695 

230 

276 

Occasional 2 1 block 

322 

27 9 

20 0 

2pm 

24 

2 0 

690 

274 

330 

Occasional 2 1 block 




5pm 

26 

20 

690 

250 

301 





January 24 










9am 

24 

20 

710 

240 

280 


327 

27 6 

20 2 

3pm 

20 

2 5 

645 

250 

311 





5pm 

18 

30 

625 

250 

316 





January 26 

20 

3 0 

620 

245 

311 


305 

29 5 

23 7 

January 29 

20 

35 

630 

270 

340 

Weight 26 kgm 

308 

29 3 

25 8 

February 4 

16 

40 

650 

300 

372 


313 

28 8 

27 6 

Februaiy 12 

16 

50 

635 

325 

408 


309 

29 1 

30 7 

March 2 

16 

50 

520 

320 

443 


280 

32 3 

36 9 

March 9 

16 

5 5 

540 

320 

435 

1 

1 

285 

31 6 

35 5 


*“K”= “Q-T” mtervml V“R-R” interval Its average value for 
normal female Chinese is 0 388 ± 0 0015, for males 0 374 ± 0'0012 (1) 

t Digitalis was given by mouth in the form of compressed powdered leaves, 
aEsa\ ed 92 i 5 2 mgm per cat umt. 

t The "Q-T” internal calculated for the actual rate by using the average 
normal \alue of “K” Using the \alue obtained the duration of systole per 
minute is calculated for companson with the actual duration 
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lead was always used in a given patient) A few instances of aiincular 
fibnllation were included, in these cases an average of 16 "R-R” and 
"Q T" measurements was calculated Speaal attention was given to 
one or more records taken before the patient received digitalis, except in 
some cases mcluded because observations were subsequently made after 
digitalis had been discontinued for a long penod Digitalis was given 
by mouth as compressed powdered leaves, assayed to have a value of 
92 ± 5 2 mgm per cat imit No very precise rule for dosage was fol- 
lowed, but the majonty of the patients were "digitalized” m 36 to 48 
hours The usual clmical observations were carefully made, but are not 
presented as they are of no special interest In most of the patients the 
heart size was measured m teleoroentgenograms according to the method 
of Hodges and Eyster (5) 

RESULTS 

In selected cases senal records were made for several days at the same 
hours before and after digitalis treatment which was pushed to the point 
at which a clmical effect was clearly seen F ive such cases are summarized 
in Tables 1 to 5 The results m 45 males and 28 females studied in less 

TABLE 2 

ne effect of diplaiu on "R R" and "Q T" entencts 

EK.G number 3053 Male, age 21 Active rheumatic heart dlaeaae, mitral and 
aortic disease, pencarditia, heart failure III 


Date and 
bour 

P R 
Interval 

ffl 

RR 

Interval 

0-r 

Interval 

D 

DleltalU.* Remark* 


tttonii ' 

wm ' 

iecondr ' 

stantdi 


trams 

November 19 






940 aJn 1 

16 

38 

J85 

J60 

470 

None Weight 44 ksrm 

240 p nu 

16 

40 

^55 

J30 

443 

None 

5 30 pjn 

Id 

40 

545 

335 

454 

None 

November 20 ' 



1 


i 


940 a m 

16 

40 

590 

J20 

417 

1 4 in 15 hours 

240 p m 


30 

605 

MS 

J92 

2 2 in 20 hours 

540 p m 1 

16 

30 

610 

JIO 

397 

2J2 in 23 hours 

November 21 



1 




940 a m 

16 

30 

600 

J80 

Ml 


240 p m 

16 

20 

475 

J40 

MS 

3 2 m 44 houTB 

540 pjn 

17 

30 

520 

250 

M2 

, No more 

November 22 







940 a m 

18 

30 

665 

J42 

297 


240 pjn 

JO 

40 

615 

240 

J06 


540 p m 

18 

40 

^80 

J40 

1 J16 


November 24 

16 

40 

J30 

J6S 

J64 

Weight 40 tgm 


See footnotes to Table 1 
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detail are gi\ en in Tables 6 and 7 We have cxintinued to use the value of 
“K” (the ratio of sj-stole to the square root of cycle length) as a con- 
\ enient means of companson 


TABLE 3 

The effect of digitalis on "R-R" and "Q-T” intervals 

E K G number 3056 Male, age 61 Sj^ihihs of cardiovascular system, aortic regurgi- 
tation, aneurysm of ascending aorta, heart failure, Ilb 


Date and 
hour 

P-R 

interval 

BB 

R-R 

interval 

Q-T 

interval 

D 

Digitalis • Remarks 

November 18 

seconds 

16 

mm 

3 0 

seconds 

890 

seconds 

420 

445 

grams 

None Weight 48 kgm 

No\ ember 25 

1 16 

30 

815 

395 

438 

None 

November 26 







10 a m 

16 

3 0 

900 

375 

395 

None 

2pm 

16 

3 2 

640 

345 

432 

None 

5 p m 

16 

3 0 

728 

364 

428 

0 5 at 6 and 10 p m 

November 27 







9 30 a m 

16 

3 0 

977 

425 

431 

0 5 at 9 a m 

2 pm 

16 

3 0 

900 

420 

444 

0 3 at 1 p m 

5 pm 

16 

30 

880 

423 

451 

0 2 at 8 p m 

No\ ember 28 







9am 

16 

30 1 

995 

395 

396 

0 2 at 6 a m 

2pm 

16 

30 

785 

325 

367 

0 2 at 10 a m and 1pm 

5pm 

16 

3 0 

770 

349 

397 

0 3 at 9 p m 

No\ ember 29 







9am 

16 

30 

940 

360 

372 

Total 2 9 

2pm 

16 

30 

965 

385 

392 


5pm 

16 

3 0 

955 

378 

384 


December 1 

16 

30 

835 

345 

378 

Weight 43 kgm 

January 8 

16 

30 

940 

320 

330 


Januarj-^ 23 

15 

30 

940 

1 

360 

371 



* See footnotes to Table 1 


Digitalis was found to shorten the relative length of the "Q-T" 
interval with remarkable consistency The same finding has been 
reported by Berliner (4) We have previously reported the same result 
in normal persons (6) The shortenmg occurs at least as early as any 
other known effect of digitalis It takes place simultaneously with the 
lowenng of the “T” wave (7) and precedes a change of “T” to a diphasic 
or negatiA-e form and a saggmg of the “Q-T" level (cf Tables 1 and 2) 
In some cases “T” remains unchanged, although systole is relatively 
shortened (cf Table 3) Some time after withdrawal of digitalis systole 
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returns to approximately its previous relative value, usually in parallel 

with the return of “T" to Its former haght, but occasionally T remains 

depressed for a longer penod 

That the amount of digitalis effective m producing the relative short- 
emng of systole does not always follow the body waght is shown in 

TABLE 4 

The effect of dtgitalu on *'R -R** on **Q-T*^ tnieevais 
EK.G number 3011 Male, age 41 Syphflia of canhovaacular system, aortic regurgi 

tation heart faflure III 


Date and 
boon 

P R 
IntcrraJ 

■ 

H R 
interval 

"O-T 

Interval 

IT • 

DWtnlli • Reinarki 


sccOKds 

, tuonds 

. t€Cond$ 


trains 

November 4 



1 

1 

None VJwgbt 62 kgm 

10 am 

12 

Kim 

288 

405 

2.30 p m 


J26 

288 

J97 

None 

5 pm 

14 

524 

JOO 

415 

0 5 at 5 JO pm 0 4 at 9 JO p m 

November S 






9.30 a m 

16 

530 

295 

405 

0 4 at 8 a m 

2 JO p m 

12 

JOS 

280 

399 

0 4 at noon 

5^0 p m 

14 

JOS 

JSS 

JSS 

0 4 at 4 and 6pm 

1 

November 6 






8 JO am 

20 

4S6 

196 

290 

0 4 at 4 and Sam 

2.30 p m ' 

JO 

483 

188 

270 

Total S3 

S JO p m 

? 

1 

570 

? 

? 

Auncular bbnUatJOO 

November 7 | 


1 




9.30 am 

? 

J54 

JSS 

340 

Auncular fibnllation 

3.30 pjn 

JO 

570 

251 

332 

Normal mechautam 

November 8 

28 

J85 

? 

7 

Normal raecbanism 


* See footnotes to Table 1 


Table SA (data from Tables 1 to S) In the cases shown in Tables 4 and 5 
digitalis was pushed to a point at which auncular fibnllation occurred, as 
also happened with some of the cases m Tables 6 and 7 In these and in 
other instances of excessive digitalis admmistration the ratio of systole 
to the square root of cycle length ("K") was lowered often far below the 
usual normal value In the cases of Tables 4 and 5 "K” was 0 270 and 
0 326 just before fibrillation set m It is our impression that reduction of 
“K” to or below 0 330 indicates the beginning of a toxic as opposed to a 
therapeutic effect. This may sometimes happen with a truly small dose 
as m Case 3478, Table 7, m which after 0 8 gram digitalis, “ K" was 0 298, 
the pulse 50, and the “P-R" interval 0 40 second It should be noted 
that the ongmal value of '* K” m this case was only 0 366 The value of 
“ K ” has also appeared to furnish a guide to the dose of digitalis necessary 
to maintain a patient in his optimal condition, for which the usual climcal 
cntena are sometimes slow in developing and difficult to intemret 
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TABLE 5 

The effect of digilahs on “R-R" and "Q-T" intervals 

E K G number 3069 Female, age 30 Rheumatic heart disease, mitral stenosis, 

heart failure Ilb 


Date and 
liojr 

• P-R ' 
interval 


R-R’ 

interval 

.1 

Q-T 

interval 

1 

g 

Digitalis.* Remarks 


secords 

mm 


seconds 1 


Zrams 

December 3 







9 30 a m 

16 

20 

510 

260 

365 

None Weight 56 kgm 

2 pm 

16 

20 

525 

270 

374 

None 

5 pm 

16 

20 

528 

280 

386 

0 5 at 6 and 10 p m 

December 4 

1 

i 



j 


9 30 a m 

16 

20 

580 

275 

363 

0 5 at 8 a m and noon 

2 pm 

16 

20 

550 

245 

331 


5 pm 

16 

20 

555 

235 

i 318 

1 

December 5 







9 30 a m 

16 

25 

660 

253 

314 

02 at 6am ,04 at 10 am 

2 pm 

16 

25 

765 

304 

350 


5 pm 

? 

30 

608 

258 

334 

Auricular fibrillation 

December 6 







9am 

? 

20 

597 

230 

300 

Auricular fibrillation 

2pm 

16 

20 

580 

264 

334 

Normal mechanism 

5pm 

16 

20 

605 

250 

324 

Weight 50 kgm 

December 11 

16 

20 

620 

275 

352 


December 15 

16 

2 5 

645 

305 

381 

Weight 44 kgm 


• See footnotes to Table 1 


The tables contain several examples of patients in whom the effect of 
digitalis on the relative length of systole was repeatedly brought out by 
alternating penods of vnthdrawal and administration of the drug In 
some cases it appeared that a smaller dose was effective on a second or later 
occasion than was necessary at first In Case 2677 (Table 6) digitalis 
1 4 gram in 3 days brought the value of " K” from 0 416 to 0 403 and later 
after an interval of four weeks without digitalis, 1 5 gram in 3 days re- 

TABLE 5A 


Comparison of body loeight and effective dose of digitalis 


E.K.G 

number 

Age 

Sex 

Weight 

1 

Effective dose 
di^talis 

Time 

elapsed 


trcars 


tgm 

grams 

grams -per kgrn 1 

hours 

2662 

14 


26 

1 2 

0 046 

16 

3053 

21 


40 

1 8 

0 045 

17 

3056 

61 


43 

22 

0 051 

28 

3069 

30 

F 

43 

1.5 

0 035 

15 

3011 

41 


62 

13 

0 021 

18 
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TABLE 6 

Effect of dtpialts on (he duration of the “ Q-T” xntenal xn 45 male Chinese anih heart failure 


ABBREVIATI0N8 


AD 

AF 

A.R 

Ac Neph 
ChrNeph 


aortic disease (stenosis and 

Cor Ob 

regurgitation) 

QJi 

auncular fibrillation 

H 

aortic regurgitation 

MD 

acute nephntia 


chronic nephntis 

PTb 

S 


“ coronary obstruction 
“ general artenosclerosis 
“ hypertension 

•=■ mitral disease (stenosis and 
regurgitation) 

” pulmonary tuberculosis. 

" syphilis 


E,K.G 

ntmx 

ber 

Ate 

CUnlol 

diatzu>tlj 

■ ■ 1 

Diite 


latemd 

Heart 

rate 

K* • 

DitluUtt 

A R1 
2019 

2201 

ytcTi 

eome 

26 

tic heart c 
MD 

isease 

August 18 
August 21 

Jbtms 

63 

txconds 

17 

16 

I 

.384 

.367 

rroflu 

1 0 m 24 hours 

1 8 in 5 days 

33 

MD,S 

March 4 

March 11 

58 

16 

.20 

111 

86 

IS 

None 

1 5 in 7 days 

2244 

22 

M D 

January 14 
January 21 
February 22 
March 11 

49 

17 

16 

.20 

20 

93 

100 

105 

48 

402 

374 

369 

301 

None 

le5 m 5 days 

4e2 in 25 days 

4 9 in 32 days 

2340 

22 

A.D 

March 29 

April 1 

April 5 

April 14 

June 4 

55 

I 

76 

72 

73 
63 
81 

402 

395 

390 

375 

431 

None 

0 7 m 4 days 

U in 8 days 

3^ in 17 days 

None (or 1 month 

2344 

30 

MD 

— 

March 30 

Apnl 1 


16 

18 

80 

78 

447 

409 

None 

0 6 in 2 days 

2717 

28 

M D 




47 

13 

16 

123 

87 

414 

380 

None 

1 7 in 5 days 

2780 

23 

M D 

AD 


46 

m 

63 

65 

408 

335 

None 

4^ in 39 days 

2865 

41 

MD, 

A.D 

July 11 

July 14 

November 12 
November 22 
December 6 

46 

M 

28 

J2 

24 

.32 

95 

90 

98 

92 

75 

438 

427 

421 

398 

380 

None 

1 4 in 4 days 

None for 1 month 

OJ in 12 hours 

3 0 in 16 days 

2903 

21 

MX) , 
A.D 

July 25 

July 30 

August 5 

August 21 

58 

16 

16 

20 

20 

115 

99 

86 

87 

441 

360 

346 

385 

None 

2 0 in 6 days 

2 6 m 12 days 

None for 12 days 
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TABLE 6 (continued) 


EK.G 

num- 

ber 

Age 

Oinical 

diagnosis 

Date 

Weiglit 

P-R 

interval 

Heart 

rate 

m 

Digitalis t 


^cars 



tern 

seconds 



grams 

2909 

36 

M D 

August 5 


18 

107 

428 

None 




August 8 

46 

24 

81 

382 

1 6 m 4 days 




August 16 


27 

56 

320 

2 8 in 12 days 




September 26 


20 

101 

415 

None for 21 days 




October 6 


25 

81 

366 

1 9 m 10 days 




October 20 


24 

87 

349 

3 2 in 23 days 

3162 

38 

M D 

March 2 

m 

18 

no 

409 

None 




March 6 


19 

102 

390 

1 5 in 4 days 




March 13 


22 

82 

357 

2 3 m 11 days 




March 23 


24 

78 

360 

3 5 m 20 days 




March 27 

■ 

20 

87 

372 

3 9 m 24 days 

3293 

17 

M D , 

June 15 


16 

98 

423 

None 



PTb 

June 22 


16 

84 

331 

1 0 m 24 hours 




June 25 

30 

16 

78 

320 

1 4 m 48 hours 

B Sy] 

phihti 

c heart di 

sease 







45 

s. 

March 28 

54 

16 

83 

412 

None 



Tabes, 

April 3 


16 

81 

395 

1 2 in 7 days 



H 

July 18 


16 

87 

379 

0 1 q d 

20S4 

38 

S, AR 

September 17 

68 

19 


13 

1 5 m 2 days 




September 21 

59 

20 

96 


1 9 m 6 days 




October 3 


19 


411 

None for 5 days 

2055 

60 

S, AR 

September 17 

m 

16 

80 

360 

1 7 m 10 days 




October 1 


17 

80 

353 

0 1 q d 




November 19 


16 

80 

480 

None for 14 days 




December 18 


16 

68 

434 

0 1 q d 




Apnl 22 


16 

59 

369 

2 0 in 7 days 




May 18 


18 

64 

497 

None for 4 months 




June 18 

H 

16 

77 

378 

2 6 in 19 days 

2306 

25 

S, AR 

September 6 

■ 

16 

84 

474 

None 




March 10 

IH 

16 

78 

370 

1 2 m 4 days 

2501 

B 

S, AR 

September 14 

77 

n 

81 

432 

1 3 in 2 days 


m 


September 19 

71 

mm 

89 

403 

1 9 in 7 days 




September 27 


mm 

102 

369 

3 4 m IS days 


fl 


October 11 

74 

16 

99 

354 

5 8 in 29 days 

2539 

46 

S, AR, 

October 25 

■ 

16 

82 

425 

None 



PTb 

October 28 


16 

82 

375 

0 9 in 3 days 




No\ ember 1 


16 

78 

362 

1 5 in 6 days 




November 6 

■i 

18 

93 

314 

3 2 in 12 days 




November 16 

■ 

16 

85 

362 

0 1 q d 

25S3 

38 

S , Aor- 

December 17 

54 

16 

111 

443 

None 



titis 

December 18 


16 

111 

^92 

1 6 in 2 days 



























































s N CHEER 


AND F E DIEUAIDE 




TABLE 6 (conhnueSt 


B.K.G 

Dam i 


CUnical 

llasnofU 

bcr 


2618 

/tars 

54 J 

5, A.R 


m t V. PR Htait 

Wtleht inttrral imte 



2819 so S AR., May 
G A May 



trams 

1 0 m 24 hours 

0 1 qd 

1 0 in 7 days 


16 81 413 None 

14 78 J65 10 m 4 days 

16 78 J61 1 7 m 7 days 

16 70 407 None for 1 month 


0 8 m 6 hours 

1 4 m 3 days 

2 1 m 10 days 
None for 4 weeks 
1^ m 3 days 
Olqd 

0 1 q d 
Olqd 


16 107 419 None 

16 87 391 1 J m 24 hours 

17 83 JS9 1 6 m 4 days 

17 72 390 None for 1 week 


15 9S 451 None 

16 92 389 1 9 m 24 hours 

17 94 375 2 6 m 7 days 


16 82 421 None 

16 78 ^70 1 0 m 3 days 


16 90 428 None 

14 100 J88 Olqd 

16 91 -345 1 2 in 3 days 

402 None for 2 weeks 


? Outside 
53 I 329 I 1 5 m 2 days 
83 .376 None for 5 days 


13 101 416 None 

16 88 .386 U m 3 days 

16 86 J41 2 1 in 10 days 


70 450 None 
63 352 1 2 in 3 days 

56 424 None for 2 months 

57 .365 0 6 in 3 days 
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TABLE 6 {conitnued) 


E K.G 
nun 
htT 

Age 

Clmtcal 

diaKnosis 

Date 

Weight 

P-R 

Interval 

Heart 

rate 

• K * 

Digitalis t 




wmm 


k£m 

seconds 



grams 

3305 

26 

S , AR 



49 

16 

99 

437 

None 







16 

103 

387 

1 2 m 4 days 







16 

98 

403 

2 0 m 12 days 

3497 

50 

S , Aor- 

October 

22 

56 

16 

56 

410 

None 



tltlS 

October 

23 


17 

66 

430 

0 8 in 2 days 




November 17 

49 

18 

86 

412 

4 6 m 27 days 

C Hy 





WSM 




1441 

58 

H, GA. 

August 

9 

49 

17 

88 

378 

1 8 in 8 days 



s 

August 

15 

46 

18 

81 

351 

2 4 m 14 days 




October 

11 

52 

17 

86 

468 

None for 3 months 

1649 

28 

H , Chr 

December 14 

54 

14 

m 

428 

None 



Neph 

December 22 


16 

M 

406 

2 2 in 8 days 

2010 

36 

H , G A, 

August 

7 

63 

16 

90 

406 

None 



Em- 

August 

14 

59 

16 

87 

388 

1 8 in 7 days 



physema 

August 

31 

SS 

16 

92 

399 

4 6 m 25 days 

2221 

61 

H , G A 

January 

2 

75 

16 

105 

437 

None 




February 

25 

70 

16 

95 

397 

2 1 in 21 days 




March 

25 


16 

105 

439 

None for 10 days 




June 

3 

61 

18 

92 

398 

8 4 in 78 days 




March 

10 


16 

100 

451 

None for 1+ month 




June 

9 


16 

111 

381 

7 4 in 61 days 

2422 

59 

H , GA, 

March 

18 


16 


424 

None 



Cor Ob 

March 

19 

59 

16 

no 

425 

0 8 m 24 hours 




March 

20 


20 

108 

375 

1 2 in 3 days 




March 

25 


20 

100 

369 

2 0 in 7 days 




April 

1 

57 

16 

90 

397 

2 8 in 15 days 

2440 

51 

H, GJ^, 

June 

21 

70 

13 

102 

482 

None 



Chr 

June 

22 


13 

100 

408 

1 3 in 24 hours 



Neph 

June 

24 


14 

98 

404 

1 5 in 3 days 




July 

27 

68 

16 

86 

366 

2 8 in 16 days 




August 

19 


15 

93 

428 

None for 14 days 




August 

23 


16 

83 

424 

1 1 in 5 days 




August 

30 


16 

80 

401 

0 1 qd 




September 

5 


13 

89 

435 

0 1 q d 




October 

25 


13 

100 

412 

0 1 q d -f-l 0 in 5 days 




No\ ember 

6 


16 

92 

335 

0 1 q d -f-l 6 in 6 days 




November 26 

73 

16 

86 

^72 

0 1 qd 

2545 

36 

H , Chr 

No% ember 27 

66 

16 

66 

458 

None for 14 days 



Neph 

December 24 

63 

16 

MEm 

387 

0 9 in 24 hours 




January 

3 


16 

64 

378 

1 8 in 10 days 




January 

13 


16 

98 

401 

0 1 q d 




January 

17 


16 

81 

376 

1 4 in 5 days 
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EK-G 

nunt 

bcr 

Aie 

CUnlcml 

dlasnotli 

Date 

Wdght 

P R 
interval 

H 

KT • 

Diiltallat 


ytart 





ttamdi 



gratis 

2638 

48 

H, G-A. 

Tanuarv 

31 


19 

S3 

495 

None 




February 

3 


20 

86 

456 

0^ m 3 day* 




February 

14 

80 

20 

79 

419 

2 7 m 14 days 

2648 



February 

m 

70 

15 

95 

460 

None 




February 

28 


19 

91 

400 

2 4 ra 28 days 




March 

11 

65 

18 

59 

A88 

0 1 qd 

2694 

70 


March 

7 

58 

mi 

106 

U6 

None 



Ktt> 

March 

8 



87 

A19 

1 .3 in 24 hours 



phvsema 

March 

10 


mm 

91 

.308 

1 7 jn 3 days 



PTb 

March 

14 

56 

16 

94 

A56 

2.2 la 6 days 

269S 

70 


March 

7 

■ 

11 

61 

m 

None 



Hemi 

March 

10 


■1 

62 


1 0 m 4 days 



plegia 

March 

17 

m 

H 



1 7 In 11 days 

2836 

62 

H Cor 

May 

30 

54 

28 

65 

J94 

None 



Ob 

June 

9 


J6 

79 

.367 

1 6 in 11 days 



Angina 








2921 

S3 

H GJt 

Aug^ust 

14 

■j 

16 

105 

.523 

None 



Chr 

August 

IS 


16 

no 

358 

1 2 m 20 hours 



Neph , 

Aujfuet 

16 


16 

110 

A36 

1 6 in 3 days 



Bron 

Auguft 

18 


16 

118 

.352 

2 1 in 5 days 



chial 










Pneu 

August 

23 


20-40 

70 

? 

2 7 m 10 days 



monia 



■ 





3256 

64 

H , GJ4 

October 

17 


16 

77 

-373 

Olqd 



Aortic 

October 

19 

60 

? 

72 

.307 

1 5 in 2 days 



Dila 

October 

20 


? 

68 

-311 

No more 



tation 

October 

31 


16 

63 

327 

0 B m 8 days 



AF 

November 14 


17 

81 

406 

2.2 in 22 days 


*“K"™“QT’ interval -\/“RR” interval Its average value for 
normal male Chinese la 0 374 ± 0 0012 (1) 
t See footnote to Table 1 


duced the value of “ K” from 0 431 to 0 347 In spite of the length of the 
interval in these cases, it would appear that this change is due to sub- 
liminal amounts of the drug remaining in the body Case 2440 (Table 6) 
IS instructive with regard to the maintenance of digitalis effect. 

We have not extensively mvestigated the relation between the 
change m the relative length of systole produced by digitalis and the size 
of the heart Cohn and Stewart (8) have shown that digitalis reduces 
the size of the heart in dogs and Stewart (9, 10) has extended the observa- 
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TABLE 7 

Effect of digitalis on the duration of the “Q-T" interval in 2S female Chinese with heart 

failure 

{Abbreviations as in Table (J) 


E,K.G 

num- 

ber 

Ace 

ainlcal 

diagnosis 

Date 

Weight 

P-R 

Interval 

Heart 

rate 

H 

Digitalis t 


yean 



hgm 

seconds 



grams 

A Rheumatic heart disease I 







35 

M D 

October 19 


17 

91 

430 

None 




October 26 


20 

65 

342 

2 2 in 7 days 




November 7 


20 

67 

359 

3 4 m 19 days 

2160 

12 

M D 

December 3 

29 

20 

92 

378 

0 6 in 3 days 



(active) 

December 5 


24 

71 

303 

1 9 in 6 days 



AF 

December 7 


? 

S3 

343 

2 1 in 8 days 




December 10 


20 

72 

306 

No more 

2312 

36 

M D , 


■ 

16 

70 

433 

None 



AD 


■ 

15 

74 

356 

1 3 in 5 days 

2427 

26 

M D 

June 10 

43 

20 

82 

420 

None 




June 14 


18 

88 

389 

1 6 in 3 days 




November 6 


20 

78 

429 

None for 2 months 




November 11 

42 

20 

63 

382 

1 2 m 4 days 

2549 

22 

M D, 

November 8 


■a 

M 

411 

None 



AD 

November 11 

53 

n 

la 

398 

1 2 m 4 days 

2553 

24 

M D 

November 13 

45 

20 

M 

455 

None 




November 14 


16 


417 

0 6 in 2 days 




November 16 


16 

1m 

412 

1 0 in 3 days 




November 19 


16 


405 

1 7 in 6 days 




November 21 


17 

108 

376 

2 0 in 8 days 

2656 

39 

M D , 

February 12 

59 

14 

95 

401 

None 



Preg- 

February 15 


13 

64 

387 

1 1 in 2 days 



nancy 

February 18 

57 

15 

57 

354 

1 7 in 6 days 

2662 

10 

M D 

Julv 4 

34 

16 

m 

465 

None 




July 5 


16 


490 

None 




July 7 

33 

16 

111 

463 

None 




July 9 


16 

111 

428 

0 4 in 10 hours 




July 10 


16 

94 

400 

1 0 in 24 hours 




July 12 


16 

74 

377 

1 5 in 3 days 




July 15 


16 

93 

409 

0 1 q d 




July 21 

27 

20 

86 

370 

0 1 q d 




October 20 


16 

110 

490 

None for 1 month 




October 25 


24 

100 

405 

1 5 in 5 days 

2663 

42 

M D , 

February 17 

40 

16 

74 

394 

None 



A D 

March 7 


16 

81 

354 

1 2 in 4 days 
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TABLE 7 (conttnued) 


E.Ik.G 

num 

ber 

Abc 

ainioa 

dlasnotlt 

Date 

Wdfht 

P R 
Interval 

Heart 

rate 

BT • 

Digitallif 


yean 




kgm 

ttconds 


m 

franu 

2734 

26 

M D , 

Apnl 

3 

52 

17 

97 


None 



AD 

Apnl 

8 


20 

94 


1 6 in 6 days 




May 

16 


18 

97 

im 

None for 14 days 




May 

19 


16 

97 

355 

1 0 in 4 days 





m 


20 

105 

344 

1 4 in 11 days 

2744 

31 

M D 



52 

16 

94 

411 

None for 2 months 




WM 

1 


20 

61 

J88 

4 7 in 30 days 

2799 

22 

M D 

May 

8 

38 

IS 

100 

411 

None 




May 

12 


12 

98 

A20 

1 8 in 5 days 




May 

23 

34 

20 

51 

A84 

3.2 in 16 days 

2918 

24 

M D 

August 

13 

S3 

28 

87 

432 

None 




August 

14 


32 

74 

439 

1 1 in 2 days 




August 

16 


32 

73 

420 

1 J in 4 days 




August 

21 

44 

32 

75 

J96 

2 0 m 10 days 




August 

26 


32 

70 

3U 

2 6 in 14 days 




September 16 


28 

76 

JS3 

5 8 in 34 days 

2931 

37 

M D 

August 

30 

40 

16 

84 

13 

None 




October 

13 


12 

103 

II 

4 0 in 44 days 




November 30 


16 

106 

38i 

0 1 q d 




December 

1 


13 

90 

367 

0 1 q d 

301S 

25 

M D, 

March 

7 


18 

102 

416 

None 



Preg 

March 

14 


20 

120 

396 

lil In 7 days 



nancy 

February 

2 

46 

25 

88 

314 

2.3 m 8 days 



AF 

March 

4 


f 

165 

331 

1 2 m 2 days 




March 

13 


20 

106 

375 

No more 




May 

25 


20 

87 

433 

No more 

3232 

28 

M D 

Apnl 

28 

46 

18 

103 

A80 

? Outside 




Apnl 

29 


24 

86 

304 

1 2 m 24 hours 




May 

1 


? 

78 

J73 

0 1 q d 



■■ 

May 

4 

41 

JO 

71 

333 

0 1 q d 

3280 

20 

M D 

June 

8 

50 

17 

98 

410 

None 



AD 

lune 

9 


20 

71 

A43 

1 2 m 24 hours 



(active) 

June 

10 


20- J9 

63 

317 

1 .5 in 2 days 




June 

11 


^2 

66 

294 

1 6 in 3 days 

3349 


Acute 

August 

1 

24 

16 

130 

A61 

None 



Car 

August 

3 


16 

107 

A34 

0 6 in 2 days 



ditia 

August 

5 


20 

118 

m 

0 9 in 5 days 

3354 

30 

M D 

August 

6 

42 

16 

85 

IRS 

None 




August 

18 


16 

60 


1 5 m 6 days 

3478 

21 

MD. 

October 

IS 


16 

79 

366 

? Outside 



AD 

October 

28 


40 

SO 

298 




(active) 

October 

29 

38 

24 

39 

A13 

No more 




October 

30 


20 

56 

A45 

No more 




November 

9 


J2 

54 

378 

U In 14 daj’s 
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EFFECT OF DIGITALIS 


TABLE 7 {continued) 


F„K.C 

num 

btr 

Akc 

Clinical 

diagnosis 

Date 

Wclsht 

P-R 

interval 

Heart 

rate 

■ 

DigitaUst 


^fCTS 




kem 

secondz 



trams 

B SiTihilitic heart disease 







3364 

39 

S, AR 

August 

13 

49 

12 

55 

405 

0 6 m 24 hours 




August 



13 

49 

396 

1 2 in 7 days 

C Hy 









1777 

51 

H .G A 

February 

2 


15 

91 

448 

None 




February 

8 


16 

80 

430 

1 6 in 7 days 

1785 

39 

H ,S 

February 

14 

60 


86 

424 

None 




March 

10 


■1 

68 

348 

3 8 in 25 days 

1890 

48 

H , GA 

December 

5 

■ 

IS 

75 

407 

None 




December 

7 

H 

IS 

60 

402 

1 2 m 2 days 

1983 

23 

H , Ac. 

mm 



12 

120 

401 

None 



Neph 

mM 


51 

IS 

94 

316 

1 8 in 4 days 

2343 

43 

H ,GA 

March 


52 

16 

82 

440 

None 




April 

15 


16 

68 

417 

1 1 in 3 days 

2643 

43 

H,GA, 

March 

15 

40 

16 

95 

477 

None 



Chr 

March 

17 


16 

82 

415 

1 2 in 2 days 



Neph , 

March 

24 

34 

18 

73 

398 

2 6 m 9 days 



S 

Apnl 

1 


18 

60 

362 

4 1 m 17 days 




April 

7 

30 

20 

61 

382 

0 1 q d 

2666 

37 

H , Chr 

February 

19 

54 

16 

109 

484 

None 



Neph 

February 

28 


16 

105 

409 

1 2 in 24 hours 




March 

3 


16 

104 

384 

1 7 m 5 days 




March 

8 

48 

16 

86 

365 

2 3 in 10 daj^ 




March 

17 

44 

17 

93 

346 

4 0 in 20 days 


*‘‘K” = "Q-T” mterv'al V“ R-R” interval Its average value for normal 
female Chinese is 0 388 db 0 0015 (1) 
t See footnote to Table 1 


tion to normal persons and to patients with heart failure In general our 
data (not presented here) agree with these results Under Vcinous ar- 
cumstances there are exceptions and it must be noted that in some of these 
the relati\e duration of systole is decreased, although the heart size 
remains the same or is increased , in a few instances the reverse combina- 
tion occurs (see Table 8) These exceptional cases are for the most part 
among patients with an actively progressive infection of the heart 
There has so far not been demonstrated any constant relation between 
heart size, aside from heart failure, and relative length of systole, but this 
question is of such importance as to demand further careful study 


























































LrrECT OI DIGIT \us 


■■■■■■■■■■HBHaBBBaBBIWBinBnB 

, jBBBBaaBBaBBBaaBBBaaiiBBiiaa an 
laBaaaaaaaaaBBBBBflBBBiiBBiiBr 


iBBBBBBBBaiaaaBaiB 
IBBBBBBBBBBBIBBBBBIB 
laBaBBaaaBBaiaaaaair 
IBBBBBBBBBBBIBBaBBII 
IBBBBBBBBBBBIBBBBBI' 
laaaBBaaaBBaBaaaaai 
iBBBBBaaaBBaBBaaaai 
IBBBBBBBBBBBBBBBBW 


al 


laaBaanBBBBBBBBBBiBBaafliBl 


■BBBBBBBl 

naaaaBBBl 

ibbbbbbbbbbbbbbI 


IBB BBBBBBBklBBBI 


IBBBBBBBI 


MBBliBaBaBBBBBIBBBBBBBBBBBBaBl 

IBBBBBBBBBt 
IBIBBBBBBBt 


IlIBBlIBBBBni 

laiiBBii 

IBIIBBII 
IBIIBBII 
■BIIBBIII 

. JIBIIBBIII 

|■■■■■■■■Bfl■■BBB■■B■BIIBBIIBBBBaaBflBBBBBBBfll 

ijs:sss»sssssssssssrssi»^ 

IBBBBaBBBBBBBBBBBBBBlIBBlIBBBBBBI 
IBBBBBBBBBBBBBBBBBBBIIBBIIL ^ 
IBBBBBBBBBBBBBBBBBBBIIBBIIBB 
■BBBBaBBBBBaaaBaBaaBlIBBlIBB 
IBBBaBBBBaaBBBaBBBBBlIBBlIBBBBBBBBBBI BBB 1 
.JBBBBBBBBBaaaaaBBBBBlIBBlIBBBBBBBBBBBl BB 1 
iBHBBBBBBBBBBBBBBflBBlIBBlIBBBBBBBBBBBB'.'.BI 

IBBBBBBBBBBBBBBBBBIIBBIIBBBBBBBBBBBBL B 1 

laBBBBBBBaBBBBaBBBItBailBBBBBBBBBBPSBBBBBB 
■BBBBBBBBBBBaBBBaBIIBIL*IBaBaBBBBB_9BBBBBB 
. JBaaBBBBBBBBBBaBaBlIBWIiaBBaaBBBBBBBL SBBB 

IBBBBBBBBBBBBBBBBBBBBI BIH IBQ BBBBBBBBBBBBB IB^ 

IBBBBBBBBBBBslBrjIB^BBBBBBBBBBBBBBBBBBBBBBE 

JBBBaBBBBBBBSlBrilBrlBBBBBBBBBBBaBBBBaBBBBr 

iBBBBBBBBBBBBBBBBBBBBlIBKIlBrlBBBBBBBBBBaBBBBBBaBBBI 

IBBBBBBBBBBBBBBBBnlBhllBaBBaBBBBBBBBBBBBBBBBaBI 

■BBBBBBBBBBBBBBBBaiBraiaSIBBBBBBBBBBBBnBIBBBBBBI 

JBaaaBaaBBBBBBBBBSIBMIBEIBBBaBBBBBaBBl BBBBBBBBI. 

iBBBBBBBBaaBBBBBBBBBB^IBUIBISaaaLaBBBBBBIBBIBBBBBBBl 

9 iai»ia<>ai. jaaBBBBBBBBBiaaaai 

. :iBI«IB£aB JBBBBBaBBBBaiBaBBl 

liiEiEBBBBBBBBBBBBBBBlIBBII jiaBaBBBaBBBBBaaiBBaBBBr 
IBBBBaBBBBBBBBBBBlIBB JtBBaBBBBBaaBBBBBBBaBBBBBI 
■BBaBBBBBBaBaaBBBIlBBI IL I BBBBBBaBUUUUL; J • 
■BBBBBBBBBBBaaBBBI IBBI IBL BBBBBBBBBBBBBai 
IBBBBBBBBBBBaaBBBlIBBIII. BBBaBBBaBaBBBBBB 
IBBBBBBBBBBBBBBBBlIBBSilBBBaaaBaBBaBBBBBBI 
IBBflBBBBBBaBBBBBB! IBBI IBB BBBBBBBBBBBBBBBI I 

iiBBiiBBBBaaBaaBBBBBaaBai 

IBBBBBBBBl SlIBBlIBBBBaaBBBBBBBBBBBBI 
■l. BBIIBBBBBBBBBBBBBBBBBBI 

jr BBlIBBBBBBBBBBBBBBBaBBI 

■BBBBBBBBBBBBBBLIlBflllBBBBBBBBBBBBBBaflBBMI 
IBBBBBBBBBBBBBBai'.BBIIBBBBBBBaaBBaaBBBBaai 
■aBBBBBBBBBBBBBBIlL 91 IBB BBBBBBBBBBBBBBBBBI 
IBBBBBBBBBBBBBaailaBi.aBBBBBBBBBBBBBBBBBBI 
■aaBBBBBBBBaEaBailaillBBBBBBBBBBBBBBBBBBBII' 
,uigB=i»aaBBBBBBt MBBaailBBlIBBBBBBBBBBBBBBBBBBBBI 

■■■■BBBBaaaaaBBaaiiaBiiaaaaaBBBBBBBBBBBBBBBBBBI 
l■BBBBBBeaBBB■Bflallfl■IIBBBBBB■•BR 9 ■Sannl■ 31 J:^^ 33 ]jjiI: 3 l 

■■■aBaaaBBBBBBBBBiiaBiiBaaaBaBBBaaBaBKsisjnsiass^i 
BBBBBBB IBaaBBBBBBBBBlIBBlIBBaaaaBBBBBBBBBBBBBBBBBI 
BBBBBaBI.BBflBBBBBIBBBIIBIIIBBBBBBBBBBBBBBBBBBBBBBBI 
IBLnBBBBBBBBBajBIlIBBBBBBBBBBBBBBBBBBBBBBBI , 
JiaBaaBBaBB! BIIIBBBBBBBBBBBBBBBBBBBBBBBB 


IBBB TaUBBBBBBBBBBBBBBIIBIIlBI 
iBaBBlJBBBBBBiBBBBBaBIIBIIIBL 
|lBBr9BBBBaEBEaBBBBBBliBBIIBB 
IBBBK 1BBBBBBBBBBBBBI1BIIIBB 
var nrBBaaaaaaaaBaaaiiBBiiaBi 
. laBBBC laBBaaaaaBaaaiiBBiiaa! 
|■■■B■BflBBflflBnBB■BflBII■■IIBBI 
IK laaaaaaRaaaaBaaaiiBuiaai 


O u o O 
o e ^ o o 

• a • • • 


IBBBBBBBBBBBBBBB' 


IBBBBBBBBBBB 


laaaBaaaaaai 


■BBBBBBI 

bbbbEbbi 

■BBBBBBB 

a I 


IBBBBBBBBBBBBBB 


Fig 2 E K G Number 3053, Table 2 

Ihe value of “K” (see text) is rapidly reduced to within normal limits and after a large dose of dig- 
italis (3 2 grams) falls below normal 
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TABLB 8 


Changes in hear! size and relative length of systole during digitalis therapy 


E.K.G 

num 

ber 

Sex 

and 

ace 

CHnlcal 

dlaenoeU 

Date 

W eight 

Heart 

fall 

ure* 

Heart 

rate 

fl 

DiRltallit 

Heart 

over 

■ire 


ycari 








trafns 

sq cm 

1886 

M 

M D 

May 

IS 


I 

88 

406 

None 

+ 6 


19 

(active) 

June 

4 


0 

75 

J4S 

3 3 in 17 days 

+50 




June 

18 

m 

0 

m 

350 

3 8 m 24 days 

+16 

3053 

M 

M D 

November 18 

44 

III 

102 

470 

None 

+51 


21 

A D 

November 21 

42 

lla 

94 

260 

3 2 in 3 days 

+47 

3100 

M 

W D 

May 

13 

85 2 

Ilb 

97 

405 

None 

+53 


27 


May 

19 

56 6 

I 

80 

368 

3 0 in 4 days 

+37 




May 

27 

52 

1 

79 

367 

0 1 q d 

+36 




June 

2 

56 

1 

93 

J72 

01 qd 

+42 




October 

16 

55 

1 

92 

432 

None for 3 months 

+25 

2662 

F 

Af D 

July 

18 

26 

Ifa 

93 

409 

1 8 m 8 days 

+44 


11 

A D 

October 

24 

26 

1 

100 

405 

1 5 m 4 days 

+22 



(active) 

January 

16 

28 

Ilb 

120 

460 

None 

+63 




March 

2 

26 

I 

115 

443 

39 days after 1 9 in 











19 hours 

+35 




June 

8 

31 

1 

99 

463 

None for 2 months 

+25 




No% ember 26 

35 

I 

103 

428 

None for 2 months 

+30 


* Classified according to the cntena of the ^e\^ York Tuberculosis and 
Health Assoaation 

t See footnotes to Tables 1 and 2 


DISCUSSION 

It IS Still impossible to measure satisfactorily the w ork done by the 
human heart One factor which must enter into a consideration of this 
problem is the duration of s> stole We have show n that this is increased 
in heart failure out of proportion to the rise in heart rate Heart rate is 
another factor of importance and in failure is usually elevated to some 
degree 

The results of the heart s w ork are show n in the blood pressure, w hich , 
except in the case of auricular fibrillation, is usually well maintained, and 
in the cardiac output per minute, which is usually decreased in failure 
In spite of the fall in mass mo\ement of blood, it would seem as if the 
w ork of the heart wtis not decreased, but rather is inefficiently performed ' 
Calculation of the time occupied b> systole in our cases show s that it m<i 
be increased to twace the ai-erage normal length The known changes 
the direction of increased efficiency brought aboutTiy ^digitalis are fi, 
slowing of the heart and second relamely great systole 

Not infrequently the second result may be ob 





12=^8 


ErrncT or digitalis 


\\ ith regard to the mass mo\ement of blood, the ■work of Cohn and 
Stew art ‘^how s that in reco^ er\ from heart failure the significant change is 
toward more efficient emptying of the ^entrlcles, for in spite of decreases 
in heart si7e and rate, the cardiac output per minute increases As 
we ha\e alread\ suggested one would evpect m this connection some 
relation between heart size and contraction time 

There are man}, reasons for belle^ ing that the effect of digitalis under 
discussion IS chiefl\ exerted directly upon the myocardium Vascular 
changes cannot be excluded, but would seem to be secondarj^ In con- 
gestne failure there is always an increase of venous pressure (11), which 
is apparentK a reflection of the decreased mass movement of blood The 
fall in \enous pressure which accompanies improx'^ement in the circulation 
(12) must go hand in hand with decreased diastolic volume of the heart 
and mav be related to the shortening of sj’^stohe time 

It IS desirable to emphasize the fact that the various aspects of the 
cflicienc) of the circulation cannot be considered separately, but are in- 
timatcK interrelated There is ahvays danger of serious error in starting 
with one factor and arguing that x'^anous changes “result” from its 
operation Nor should we be too quick to apply the normal law'’s of 
jilnsiolog}^ to pathological conditions In spite of the importance of 
xentncular filling under normal conditions, it does not seem that this 
factor operates toward the decreased cardiac output per minute in heart 
fiilure, for the \entncles are apparently filled to an abnormal extent 
The duration of systole in relation to cycle length w'ould appear to be 
a \ aluable guide to digitalis therapy Reference to a chart such as that 
pre=ented in our prexious article (2), immediately show^s the relation of 
the xalues obtained to the normal limits The changes are much more 
delicate than those in the “P-R” interx'al and often much clearer than 
those in the “T” waxe Our experience has led us to believe that exces- 
“^ixe use of digitalis is no more desirable than insufficient use and the 
relatixe length of systole has prox^ed a delicate guide to the danger of 
o\ erdosage 

STOBIARY 

An electrocardiographic study was made of the action of digitalis on 
the 'R-R” and “Q-T” intervals of patients wuth heart failure A 
consistent decrease was found in the length of the “Q-T" interx’^al in rela- 
tion to the “ R-R" interxal, xxhich xxas often decreased This reduction 
w a^: not alw ax s paralleled b> a decrease in heart size It is apparently an 
important index of the greater efficiencx' of the mj ocardium in recox^ery 
from heart failure, and is interpreted as the result of a direct action of 
digitalis on the mx ocardium The relatixe length of systole is a good 
guide to digitalis therapx 
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STUDIES OF SERUM ELECTROLYTES 


VIII The Concentration of Electrolytes and Non Electrolytes 
IN THE Serum Following Insulin Administration in Diabetic 

Patients 

By F WILLIAM SUNDERMAN J HAROLD AUSTIN and 
PRISCILLA WILLIAMS 

{From the George S Cos Research InsttUite Unteersily of Pennsylearna and the 
Pennsylmnia Hospital Philadelphia) 

CReceived for publication July 27 1932) 

Many studies have appeared in the literature on the effect of insulin 
on various constituents of the blood or blood serum of normal and diabetic 
individuals These have been re\newed by Peters and Van Slyke (1) 
The evidence m the literature indicates that coincident ivith the fall of 
glucose, insulin produces a simultaneous fall in the concentration of 
inorgamc phosphate, potassium and cholesterol in the serum The 
amino aads appiear to be lowered, lactic acid and nonprotein nitrogen 
apparently are not significantly altered, and the blood calcium concen 
tration may be increased There seems to be a difference of opinion as to 
the effect of insulin on the blood volume and the water content 

Gram (2) noted that the osmotic pressure of serum from diabebc 
patients was above the normal range Hartmann and Dairow (3) ob- 
served that in tivo of their cases of diabetic acidosis in children who were 
treated with insulin, water, and carbohydrate, the observed osmotic 
pressure decreased as much as eighteen per cent following therapy The 
freezing point of serum taken from control rabbits Haldane, Kay and 
Smith (4) found to be the same as from htter-mate rabbits after insulin 
convulsions, from which they conclude that insulin does not alter the 
osmotic pressure of the serum of normal rabbits 

Whether these changes described are caused by insulin alone or by 
other features of the total therapy, it is frequently difficult to determine 
The effect of insulin on the blood serum may possibly be different in 
normal and in diabetic individuals, with and ivithout ketosis, as well as in 
different animal species 

The follownng studies uere planned to give a picture of the correlated 
changes occumng m the vanous electrolyte and non-electrolyte components 
of the blood serum of fasting diabetic patients with hyperglycemia but 
w ithout ketosis, after a large dosage of insulin 

1261 
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serijM electrol\ti::s 


M\TCR1\E \ND METHODS 

St\cntcen observations ha\e been made on patients suffering with 
'-tMTc diabetes mellitus who were attending the Metabolic Clinic at the 
Pi nii'^N h ania Hospital After a period w ithout insulin (generally tw enty- 
foiir to forte -eight hours) long enough to induce a marked elevation of 
tlu blood sugar, and after an oeernight fast, sufficient blood w'as taken 
b\ \un for the complete analyses The patients, still fasting, w'ere then 
cut n from 50 to 150 units of insulin, usually at one injection In several 
iii'-tanccs, howeeer, when no significant decrease m the value of the 
raj)illar\ blood sugar had occurred w ithin one hour after the first injection 
of in''Ulin, a second dose was administered The total dosage is recorded 
in Table I Following insulin, the patients w'ere permitted w^ater as 
(k'-ircd At intervals of twenty minutes, finger-prick blood sugar values 
wire obtained with a technique by w'hich analytical results could be 
•-i cured within fifteen to eighteen minutes after the WTthdraw^al of the 
blood As soon as the concentration of blood sugar had fallen to within 
normal limits (forty minutes to three hours) or upon the appearance of 
in\ s\mptoms of an insulin reaction, a second specimen of blood w'^as 
I V nit i\ cd b\ \ ein for complete analyses and the patient was returned to his 
Usual regimen 

The nnahses included serum chloride, carbon dioxide content, in- 
■Tu inic phosphate, total base, sodium, conductivity, freezing point, 

' tr ittomotric index, specific gravity, dry weight, cholesterol, nonprotein 
' Jtrf)gcn, and blood sugar 

Tlie chemical methods used in previous studies of this series were 
«.inpIo\ed Freezing point measurements w'ere made, using refinements 
tU scribed recently bj Sunderman (5) Conductmty measurements were 
m ide w ith a special conductivity assembly (6) For estimation of the 
protein of the serum from specific gra^^ty, the equation of Moore and 
\ an Sh ke was employed (7) The Folin and Malmros sugar method (8) 
was used The pH of the serum was measured in a single case with the 
glass electrode by the method of Stadie, O’Brien, and Laug (9) 

RESULTS 

The \alues of the indnidual analj'ses before and after insulin are 
recorded either in Figure 1 or in Table 1 In Figure 1 the dots represent 
original \alues before insulin, and the arrow points, values after insulin 
In Table 1 are included dry w eights and in many instances specific gravity 
of the sera These data permit the calculation of mdmdual components 
in relation to either dry residue or water In our discussion of the data, 
how e\ er, the \ alues are expressed in relation to total serum volume 

Blood su'iar The sugar \ alues gnen in Figure 1 represent analyses 
made on whole ^enous blood without anticoagulant, the proteins ha\ang 
been precipitated b\ tungstic acid immediately after withdrawal of the 



TABLE 1 

IticJnrtdtifll case analysts 
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blood The average diminution in the concentration of sugar was 178 
mgm per 100 cc in 145 minutes With four of the patients (Cases 9, 
10, 11, 17) the study had to be terminated at a time when the concentra- 
tion of sugar was above 200 mgm per 100 cc because of the appearance 
of shock like reactions In Cases 10, 11, and 17 the ingestion of orange 
juice and in Case 9, the intravenous administration of glucose quickly 
relieved all symptoms of these reacbons 

Cholesterol All of the cholesterol concentrabons of the serum ob- 
tained from the pabents before the mjecbon of insuhn were above the 
normal range and varied from 196 to 322 mgm per 100 cc (Figure 1) 
Coincident with the fall in sugar the concentrabon of cholesterol con- 
sistently decreased 

Nonprotetn nitrogen values (Table 1) were scattered about the normal 
range except m Case 17 in whom, both before and after insulin, this 
component was slightlv above normal 

Solids The concentrabon of total dry substances as shown in Table 
1 exhibited no consistent change although there was a tendency for the 
speafic gravity to increase In a series of measurements on medical 
students. Dr E Harper working in our laboratory found the protein of the 
serum by means of specific gravity to be from 7 6 to 8 5 grams per cent 
with an average concentrabon of 7 84 grams per cent The protein, 
calculated from the specific gravity m our senes of observabons was 
consistently below this normal range both before and after insulm 

Antons It will be observed in Figure 1 that the inorganic phosphate 
of the serum decreased in each observataon, as was anbapated from the 
studies of others This simultaneous fall in the concentrabon of inor- 
ganic phosphate and sugar has led a number of invesbgators to suggest 
that insulm may be concerned in the formabon of hexose-phosphonc 
esters in the bssues 

In each of our observabons the chloride concenbabon in the serum 
increased after insulin administrabon, the percentile increase amounbng 
to as much as nine per cent It will be seen that in the original sera the 
chloride concentrabon nas below the normal range in 13 out of 17 meas- 
urements The chlonde content of sera obtained after insulin increased 
either to or toward the normal range and in one observabon above it 
In 12 of 17 analyses the carbon dioxide content rose. 

Cations The measurements of the concentrabons of cations in the 
sera were limited to total base and sodium The results of the individual 
analyses of total base are given in Table 1 and of sodium in Figure 1 
It will be seen that m 8 out of 13 observmbons the concentrabon of 
sodium in the serum before insulin administration ivas below the normal 
range In each case after insulin the concenbabons of sodium increased 
above the ongmal values and in 5 analyses, above the normal range 
The changes of total base were similar in direction and magnitude to 
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tho-c of codium This ^\as to be expected since the sodium in serum 
rciirc^cni^ from 90 to 95 per cent of the total base 

Tlie increase in clectroh te concentration "was also reflected m in- 
creased conductiMt\ \alues of the serum following; insulin The con- 
ducliMt} \alues gnen m Table 1 are expressed both m terms of specific 
conductnit} and m m Eq of NaCI, corrected for protein bj the Gram 
and Cullen formula (10) 

Freezing point The Aalues for the depression of the freezing point of 
scrum before and after insulin therapy are given m Figure 1 In all but 
one of the observations the freezing point depression was less after 
insulin, the maximum diflerence being as much as 0 034° C The 
freezing point depressions of the sera before insulin were generally greater 
than the normal range 

TABLE 2 

The freezing poiiil of scrum of normal fasting individuals 

A 


Specimen 

“C 

r\\ s 

0 533 

Pe 

0 538 

PW 

0 531 

B H 

0 532 

PSD 

0 543 


Average 0 5354 


In Table 2 are given values for the freezing point of serum obtained 
from normal fasting indivaduals, using the refinements (5) of the Stadie- 
Sunderman method (11) These v^alues vary from 0 532° to 0 543° and 
arc less than those recorded m the literature by observers who have used 
the Beckman method Because of the supercooling and the increase of 
concentration produced by freezing out of solv^ent, the Beckman method 
lends to giv e unduly great depressions 

DISCUSSION 

The reciprocal change of glucose and electrolytes obsen^ed m the blood 
serum appears to be similar to the inv'erse changes described by Herrick 
(12) following a sugar tolerance test and by Ni (13) following extirpation 
of the pancreas in a dog In Ni’s experiments, after pancreatectom}”^ 
in the dog there was a reduction of the chloride of serum associated 
with an increased concentration of sugar When insulin was giv'en, 
sugar decreased and chloride rose He estimated that only about 50 
j'er cent of the osmotic pressure change produced by the blood sugar 
ri=e after pancreatectomv was compensated for by the decrease in 
chloride From estimations of the osmolar changes owing to the de- 
crease in glucose and the increase of electrolytes in our observations it 
would appear that the increase of electrolvtes only partly compensated 
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the loss of glucose As direct evidence of this there was, as a rule, some 
fall m the osmolar concentration, as measured directly by the freezing 
point The studies m the literature and our observations v.ould suggest 
that when the blood sugar falls or rises some tissue or body fluid, con- 
cerning the identity of which we have no evidence, is capable of com- 
adently releasing electrolvte mto or withdrawing electrolyte from the 
serum 

The decreased concentration of cholesterol in the serum following 
insulin IS consistent with the evidence in the literature (Bhx (14)), 
(Chnstomanos (15)) of the reduction not only of cholesterol but of 
hpoids in general While Nitzescu, Popescu-Inotesti, and Cadariu (16) 
found the hyperlipemia of both experimental and clinical diabetes to be 
reduced by insulin, no effect on the cholesterol content ivas observed in 
normal individuals We have made no measurements of the effect of 
insulin on the serum of normal subjects Rabinowitch (17) reported 
two hyperlipemic diabetic subjects m whom a rapid fall in the blood fat 
occurred after insulin therapy 

In the four observations in which shock like reactions appeared at 
hyperglycemic levels, the question might be raised as to whether the 
sugar in artenal blood was also elevated at the time of the reactions 
We have no analyses of the sugar of arterial blood in these patients, but 
the values for capillary blood sugar which were obtained at intenrals of 
twenty minutes in each experiment were always above the final venous 
blood sugar values 

Shock-like reactions at high sugar values occurred in our patients, in 
four out of six instances, when high initial sugar values (above 380 mgm 
per 100 cc ) were associated ivith rapid fall (1 mgm per minute or greater) 
It seems that neither high initial blood sugar nor rapid rate of fall Wl 
independently induce reactions at high sugar levels but that the combina- 
tion of these two factors may do so It is also evident that reactions 
which we did not distinguish from ordinary insulin reactions and which 
were promptly relieved by the adrmnistration of carbohydrate can 
develop while the blood sugar concentration is above 200 mgm per cent 
under the conditions of these experiments As Joslin (18) points out 
this combmation of events is extremely rare after insulin administration in 
ordinary climcal practice 


SUMMARY 

Insulin was withheld for 18 or more hours from 17 pabents with severe 
diabetes mellitus After an overnight fast blood was removed for the 
analyses and the pabents were given approximately a day’s maintenance 
dosage of insulin, usually at one injection Food was withheld and 
capillary blood sugar measurements were made at intervals of bventy 
minutes unbl the concentrabon of blood sugar reached a normal level or 
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until the patients experienced earh symptoms of an insulin reaction 
\t tlii« time blood was again remo\ed for analyses 

The concentration of inorganic phosphate and cholesterol of the 
‘=eriim after the insulin administration decreased, as had been anticipated 
The concentration of total base, sodium, chloride, and specific conductn ity 
of the serum follow mg the insulin injection increased As measured bv 
freezing point, the osmolar concentration of the serum following insulin 
administration generally decreased, suggesting that the increased con- 
centration of electrolytes did not compensate completely for the de- 
creased concentration of the blood sugar Specific gravity tended 
to increase above the original value after the administration of insulin 
The final picture, we believe, represents a change m the serum toward 
the normal, not only in the fall of glucose and cholesterol, but also in the 
ri'-e of sodium and chloride and the diminished osmolar concentration, as 
mta'^ured by the freezing point 

Shock-like reactions in four of our patients occurred at a time w^hen 
the concentration of the blood sugar was above 200 mgm per cent 
These reactions, therefore, do not seem to be necessarily caused by a 
lu pogh cemic state They' occurred w'hen the blood sugar fell rapidly 
Irom an initially' Yery' high level 
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STUDIES OF CALCIUM AND PHOSPHORUS METABOLISM 
XX THE HIGH CALCIUM EXCRETION IN EXOPHTHALMIC 
GOITER IS NOT DUE TO VITAMINE D DEFICIENCY 


By DOROTHY M TIBBETTS, REGINA McLEAN ahd JOSEPH C AUB 

{Frcm the Medtud Ijihoratortes of the CoUts P Sunt%niUm Memonal HospUal of Harvard 
Universxtyt Boston) 

(Received for publication June 30 1932) 

In previous publications of this senes (1, 2), it has been demonstrated 
that exophthaltmc goiter is assoaated ivith a calcium and phosphorus 
excretion elevated in excess of the increased general metabolism ^veral 
conditions have a high iinnary calaum excretion As far as is now known, 
such a high calaum output when elevated in both unne and feces is found 
only in hyperthyroidism and vitamine D defiaenaes (3) A patient with 
osteomalaaa, carefully studied by GargiU, Gilligan, and Blumgart (4), 
showed an analogous high unnary and fecal calaum excretion, which 
returned to normal after large doses of vitamme D It was, therefore, 
of interest to determine whether hyperthyroid cases, because of the 
elevated metabolic demand, could be suffering from vitamine D defiaen- 
aes due to an increased need for vitamines The idea gams some support 
in the work of Plimmer (5) of Cowgdl and Klotz (6) and of Himwich, 
Goldfarb and Cowgill (7), which mdicates that the amount of vitamine B 
reqmred by the organism is deterrmned chiefly by its calonc requirement 
In hyperthyroidism the publications of McCamson (8) have directed 
attention to the relation of diet and hyperthyroidism, and Rabinowitch 
(9) and Fraser and Cameron (10) have published observations which 
suggested that the addition of vitamines A and D to iodine gave a some- 
what greater improvement in Graves disease, than did iodine alone 
In the following observations, this problem was studied by giving ir- 
radiated ergosterol to hyperthyroid patients w ho w ere maintained on an 
otherwise constant regime 


iCETHODS 

The same careful metabolic routine fully described in previous pub 
lications (11), was followed Further descnpbons of this technic need 
not be added here The diet was essentially neutral in its aad-base 
contents as calculated from Sherman's tables (12) The constituents 
were similar to those of Table VII in paper XI of this senes (13), though 
the total amounts were increased to conform with the calonc needs of 
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c,\ophtlialmic coiter patients Bacon, because of its varjnng content of 
<=odmm chlonde v,as replaced hy egg white and lactose The calcium, 
phosphorus, and nitrogen contents of this diet w'ere checked by actual 
anah-ses The analytical methods which w^e used w'ere Titratable 
aadit>% modified after Henderson and Palmer (14), ammonia by the 
permutit-nesslenzation method of Folin (15), calcium and phosphorus by 
Fiske’s methods (16), and nitrogen by the Kjeldahl method 

DATA 

The two patients were carefully selected as classical examples of 
exophthalmic goiter One of them (AL) had the deformity of an old bone 
tuberculosis w ith Pott’s disease, but apparently this had been inactive for 
many years The patients w'ere most cooperative and regularly ate their 
entire diet, so that they remained on a very constant regime The actual 
penods of the observations were not begun until after RC had rested in 
bed w'lthout medication for six days and AL for ten days As a result, 
the basal metabolic rate remained remarkably constant throughout the 
study until the addition of Lugol’s solution to their regime caused its usual 
effect Such a steady state was obviously essential in observations such 
as are here recorded Because the results w^ere so obvious and conclusive, 
only tw o observations have been made The collected data are shown in 
Table I They again demonstrate the high calcium and phosphorus 
excretion w'hich occurs in exophthalmic goiter This high excretion was 
maintained, for at least four weeks, in spite of a neutral diet, a positive 
nitrogen balance, and complete rest for the patient The average three- 
day excretion of normal individuals on a neutral diet with similar intake 
was found to be 572 mgm , of which 386 mgm were fecal In these small 
w omen the calcium excretion w^as, therefore, four times the normal 

The addition of large amounts of irradiated ergosterol did not dimmish 
the unnary calcium excretion nor influence the unusually high fecal 
excretion of calcium This w'as true even though enough was given to 
slightly elevate the blood calcium levels The response here is very dif- 
ferent from that seen in Blumgart’s case (4) and in the study of Bauer and 
Marble (17) wLo show^ed that vitamine D reduced the fecal calcium 
excretion dramatically in a patient suffenng from steatorrhoea 

The addition of irradiated ergosterol to the diet likewise caused no 
significant change in the basal metabolic rate, or in the unnary excretion 
of ammonia or titratable acids 

In both patients, however, there was a more marked nitrogen retention 
associated with its ingestion 

It IS, therefore, clear that the high calcium excretion found in hyper- 
thxTOidism is not due to a deficiency of xntamine D 
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aVLCIUM EXCRETION* 


remarkable X-ra\s of the chest disclosed nothing abnormal Her tempera- 
ture was normal throughout the observation 

\ftcr the studies reported in this communication, she returned to the 
Massachusetts General Hospital, where an uneventful subtotal thyroidectomy 
was performed Two basal metabolic rates determined there showed the 
postoperative rate to be minus 21 per cent and minus 25 per cent. 

\ pathological report of the th>roid, made by Dr J I Bradley at the 
Massachusetts General Hospital, was as follows "The speamen weighed 110 
grams Microscopic examination showred numerous small and medium sized 
aani lined by high cuboidal epithelium and filled wuth a moderate amount of 
vacuolated colloid The majonty of the aam show’ed rather marked papillary 
proliferation of the epithelium In some areas the papillary projections are so 
marked that the lumina of the aam are almost occluded There is a slight 
fibrosis and a few focal lymphocytic accumulations are present 
" Hyperplasia, exophthalmic type ’’ 
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cral factors may be of great importance and that the circulatorj' dis- 
turbances of emph\scma may be due to obstruction in the return flow of 
\cnous blood At least they suggest that the effect of intrapleural 
pressure should be studied before conclusions are drawn concerning the 
'=ite of the circulatory block 

The only direct observations on the rate of circulation in emphysema- 
tous patients uere made by Blumgart and Weiss (5) They injected a 
radioacti\e substance in the vein of one arm and determined the time 
required to detect the emanations in the other arm They found no 
striking \anation from the normal in patients with moderate emphysema 
but did find a moderate increase in the circulation time in adv'anced cases 
of the disease 

The following investigations w'ere designed to offer information con- 
cerning the state of the circulation in emphysema and the influence of the 
altered pressure relations in the chest The problem w'as attacked directly 
m dogs in which an artificially produced emphysematous state existed 
and m patients as far as experimental methods could be applied 

Intrapleural and venous pressures (^Adiite method (6)) w^re deter- 
mined in normal subjects and in the same individuals during the per- 
formance of a modified Valsalva expenment Similar determinations 
w ere made on emphysematous patients with and without exacerbations 
of moderate respiratory distress The circulation rate was determined in 
normal subjects and in emphysematous patients 

The technic for measuring the intrapleural pressure in patients 
consisted of having the subject he on his left side wuth his nght arm above 
the head and the hips slightly elevated The chest wall was leveled using 
a spirit level as a guide Under novocaine anesthesia a number 16 
thoracentesis needle was inserted into the chest and connected to a water 
manometer About 35 cc of air were injected into the pleural cavity to 
keep the lung aw'ay from the needle This quantity caused no change m 
the manometer reading As the volume of the respiration influences 
the intrapleural pressure, it w'cis necessary to have all subjects breathe 
w ithout force into a tank w'hich measured the expired air The reading 
of the intrapleural pressure w'as also taken in normal subjects when the 
tidal air became constant at 500 cc Three normal patients were caused 
to take a deep breath and cautiously make expiratory effort against the 
closed glottis (\^alsalva experiment) The same technic could be fol- 
low ed in moderately dyspneic patients wuth emphysema but individuals 
w ho w ere extremely d\’spneic could not be studied due to the discomfort 
of the position In no cases w'ere full expiratory efforts exerted by the 
indi\adual 

The intrapleural pressure of patients who did not have emphysema 
w as found to a\ erage —4 to — 8 cm of water at the time that the tidal air 
was 500 cc or less The peripheral xenous pressure of these individuals 
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TiBtB I 

Inirat>Uvral and venous pressures sn normal sndsvsduals and emphysematous paltents 
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averaged S 5 cm of water by the White method The intrapleural 
pressure of the same patients when moderate expiratory effort was made 
against the closed glottis averaged +8 cm of water Venous pressure in 
the normal individuals increased to 18 cm of water Emph 5 ^seniatous 
patients in whom there was no evidence of respiratory distress usually 
were found to have, during expiration, intrapleural pressures which were 
nearer to atmosphenc pressure than the normal In these patients the 
venous pressures averaged 7 cm of water, which is at the upper limit of 
normal range One patient who suffered respuratory distress from an 
asthmatic attack and whose vital capacity was 50 per cent of his estimated 
normal had an intrapleural piessuie of +4 to —3 cm of water with 
tidal air of 300 cc. His venous pressure was 14 cm Two other patients 
dunng mild asthmatic attacks had intrapleural pressures of -}-2 to —8 
and —1 to —6 The venous pressure m these patients was 10 and 7 
respectively After subsidence of the attack the venous pressure de- 
creased somewhat but did not become less than 6 cm of water 

The intrapleural pressure m chronic emphysema was found to vary 
over different areas of the lung Thus, m two cases over the upper lobe 
It was less negative than over the base as noted from the foUowmg figures 
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TABLE n 

I cnalton oj trlrapleural pressure over different areas of the chest tn emphysema 
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Tidal 
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icapula 

Upper border of 
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Inspiration 

Expiration 


mm 
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cm irof^ 

cm iraler 

cm xcatcT 

10 


-6 

-2 

-3 

+ 1 

11 

■1 

-5 

-3 

-3 

+2 


The \enous pressures of a group of asthmatics entering the hospital 
ere taken at least twice every day and occasionally .when the attacks were 
frequent, more observations were made It was found that the venous 
pressures rose dunng the attacks and fell afterwards In those asthmatic 
patients ^\hose chest presented very little evidence of emphysema the 
\ enous pressure fell immediately, but in cases where a marked emphysema 
V as present the venous pressure dropped more slowly Sometimes sev- 
eral days \\ ere required for a return to a normal range 



Chart I 

I Record of the Venous Pressure of an Asthmatic Individual Who 
Had Ovl\ a Mild Degree of Emphysema 

The ^ enous pressure immediatelv dropped to normal after an asthmatic 
attack Arrow up indicates onset of attack Arrow down indicates an 
injection of adrenalin 

II Record of the Venous Pressure in an Asthmatic Individual with 
Emphisema 

The ^ enous pressure returned to normal much more slowly after the attacks 
ceased than in number I Arrows up indicate attacks Arrows down indicate 
adrenalin 
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The relative circulation rate vraa detenmned m normal subjects and in 
emphysematous patients by the method devised by Hamilton, Moore, 
Kinsman, and Spurlmg (7) A dye, phenoltetraiodophthalem soihuni 
(6 milligrams per lologram of body -weight), "was mjected into a cubital 
■vein, and blood was simultaneously collected from the brachial artery 
of the other arm mto small glass tubes containing hepann, -which were 
mounted about the penphery of a mo-vmg drum A number 20 short 
beveled Luer needle was -used for the arterial puncture and the blood was 
run directly into the tubes The time of the mjection of the dye was 
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Time in <5£coai/>s 

Chart II 


CONCBNTRA-nON Wa-VE OF DtE InJBCTBD INTO THE MEDIAN CuBITAD VEIN 

OF One Arm and Remo-vbd from the Beachiae Artery of the Other 

{A) Normal man Pulse rate 67 (B) Asthmatic with moderate obstruc 

non to breathing Pulse rate 70 The standard lor the curve was the maxi- 
mum concentration of dye in the serum of the normal 

electrically recorded on the kymograph by a break s-witch attached to the 
injecting synnge Tune was recorded by a chronograph The tubes 
containing the blood -were centrifuged and a drop of 10 per cent sodium 
hydroxide was added to the serum from each tube to bnng out the jiurple 
color of the dye In this way the tune required for the dye to readi the 
first tube -was detemuned By comparison of the dye in the succeeding 
tubes with a known standard, a “concentration wa-ve” of the dye as it 
passed the collecting jiomt in its first arcmt could be plotted as descnbed 
by the originators of the method 
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Tlicj found the normal circulation time to be approximately 23 
seconds ith a pulse rate of 72 In tw o normals e found the circulation 
time to be 23 and 22 seconds \Mth a pulse rate of 74 and 76 In one 
patient wnth extreme emphysema and a pulse rate of 72 the circulation 
time was 28 seconds or 5 seconds above the average normal In three 
patients with moderate emphysema the circulation time was 24, 23, and 
25 seconds respectively, the pulse rates, howev'^er, were more rapid In 
tA\o patients who had emphysema w^ithout demonstrable functional 
changes the circulation time was w'ell w’lthin the normal range 
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Chart III 

CoXCEVTRATION WAVE OF DYE IKJECTED IMO THE FeMORAL VEIN OF A 
Dog and Removed from the Right Heart 

(A) Dog in normal state under amytal anesthesia (B) Same dog made 
emphj'sematous by a ball valve in trachea A prolongation of 4 seconds in the 
appearance of the dj e in the emphysematous animal 


The circulation time studies were earned out in dogs and an attempt 
w as made to determine the point of the relative obstruction to the circula- 
tion that occurs in high grade emphysema The method of injecting the 
d\ e (500 mgm in all dogs) and collecbng the blood was similar to that 
emplov ed wnth patients In one group of dogs the dye was injected into 
the femoral vein of one leg and the blood collected from the femoral 
arterv' of the other leg In the next group the dye was injected into the 
femoral v'ein and collected from the nght heart In the third group the 
d\ e w as injected into the right heart and collected from a femoral artery 
Amj'tal anesthesia was used Glass artenal cannulae w’^ere used when 
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blood was collected from the femoral arteries and the blood was directed 
into the collecting tubes by a glass tube 10 cm in length A number 16 
Luer needle was used both for injection of the dye mto and for collection 
of blood from the right heart The cardiac taps were made m the 7th 
interspace on the right side of the sternum with the needle directed up- 
wards m order to strike the right ventricle When blood was collected 
from the nght heart it was necessary to have the dog swingmg above the 
collecting tubes with the chest downward 
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Chart IV 


Concentration Wave of Dye Injected into the Right Heart and 
Removed from the Femoral Artery 

(j 4) Emphysematous ammal (S) Normal ammal There was no delay 
in appearance of first tube of dye and the waves were similar in character 
Pulse rates were the same. 

The dogs were allowed to recuperate and after a period of three to four 
weeks their Ixmgs were distended by insertmg an adjustable valve in the 
trachea which obstructed expiration (4) An emphysematous condition 
was thus produced m the animals and the circulation rate was again 
determmed using the same point of mjection and collection A difficulty 
in the use of the method m some anunals arose from the mcrease in 
heart rate from the asphyxia which occurred dunng the production of 
emphysema Slowing of the heart rate under amytal anesthesia, how- 
ever, was the usual result obtained The dye was injected when the 
heart rate was normal The effect of asphyxia on the heart muscle and 
consequently on the cardiac output could not be determmed Kountz 
84 
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and Hammuda (8) ha\e shown that slowing of the heart in asph^^Nia 
precedes by some time a diminution in cardiac output 

There was a prolonged penod of circulation time of two seconds or 
more in the groups in which the dye was injected into the femoral vein 
and collected from the femoral artery and from the nght heart The 
concentration curv e had a less sharp apex and there w as a more prolonged 
period of high concentration after the production of distention The 
group in w hich the dye w as injected into the nght heart showed no delay 
in tlie time appearance of the dye in the first tube when the animals were 
made emphysematous 
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Chart V 


Concentration Wave of Dye Injected into the Left Femoral Vein 
\\D Remoxtd from the Right Femoral Artery 

(-4) Animal in normal state under amytal anesthesia (B) Animal made 
cmphNsematous — under amytal anesthesia Note prolongation of arculation 
of seconds and a change in the concentration curve Heart rate 90 to 94 
rcspecti\el> 

DISCUSSION 

It is extremely difficult to separate the vanous factors operative in the 
functional pathology of emphysema Hoover (9) and 'others have 
elaborated on the important effects of decreased vital capacity and 
increased residual air Fnedmann and Jackson (1) were first to question 
the authonty of those wffio believed that the respiratory difficulties 
proiaded the entire explanation for the hemorespiratory incompetence 
These authors believed that there is impairment in the circulation in 
emphj'sema but they, like subsequent investigators, mentioned only the 
possibility of blockage of the arculation in the lungs 
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We found by clinical and expenmental observataons on the venous 
and intrapleural pressures in obstructive emphysematous conditions and 
by determination of the circulation rate that there is a relative obstruction 
to the flow of blood into the thorax when the vital capacity is low Many 
other observations support this view 

It IS known that the heart decreases in size durmg the Valsalva experi- 
ment If the obstruction were in the lungs, this experiment should 
cause an increase in the size of the heart The inference must be that 
the circulation is obstructed before it reaches the right heart We have 
found an increase in venous pressure and intrapleural pressure during 
this expenment Furthermore, DoIIey and Weise (10) have shoivn by 
increasing the intrapleural pressure with a closed pneumothorax that the 
flow of lymph into the chest may be diminished 50 per cent 

The same phenomena as observed dunng the Valsalva experiment 
have been shown to exist in emphysematous patients but to a less striking 
degree In general there is a parallelism between venous and intrapleural 
pressures in emphysematous patients with exacerbations and remissions 
of respiratory distress and both pressures remam above normal in 
extreme cases Furthermore, Alexander, Luten, and Kountz (11) have 
shown that there is no more tendency to nght sided cardiac hypertrophy 
in long standing emphysematous patients than m other people of the same 
age group The above facts indicate that the load on the right heart is 
probably not increased in emphysema and therefore the theoretical 
resistance in the lesser circulation probably does not exist. 

The expenments which have been performed by others on excised 
lungs and which show an increase in perfusion pressure when intra- 
bronchial pressure is increased are not of value in interpretmg the actual 
conditions in the intact thorax Any type of pressure exerted on the 
excised lungs would not be compensated by other pressure relations 
There is no intrapleural pressure effect and the circulation is not intact. 

By direct study of the cuculation m dogs the physiological pnnciples 
involved in emphysema became more apparent It was found that as 
distention of the lungs in the expenmental animal was produced there 
was first a drop and then a nse of the intrapleural pressure This has 
recently been confirmed by Bnll and associates (12) A nse of the 
venous pressure accompanied a nse of the mtrapleural pressure An 
increase in the time of the circulation rate was constantly found In the 
expenments the circulation rates seem to offer evidence concerning the 
site of obstruction but must be interpreted with caution A prolonged 
penod of 2 or more seconds occurred between the points of injection and 
recovery when the point of entrance to the thorax intervened and there 
was an increase in dilution of the dye before it was collected This 
dilution IS explained by greater diffusion of the dye due to a condition 
of relative venous stasis On the other hand, when the dye was injected 
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into the n£;ht heart and earned only through the pulmonary circulation 
before it Mas reco\ered at the penpheiy no ^a^atlons in the time and 
only a slight Aanation m the concentration Mave of the dye occurred 
after the dogs uere made emphj sematous 

It seems impossible to explain the results on the basis of obstruction 
in the pulmonaiy circuit If this were the site of block, the dilution 
should ha\ e been equally as great ivhen the dye Avas injected into the nght 
\cntricle Dilution under these circumstances, how^ever, may have been 
influenced b> factors other than circulation time, and the relative volume 
and ngiditj' of the venous bed on the one hand and of the right ventricle 
on the other introduce influences which cannot be accurately evaluated 

It has been shown that m the absence of heart failure or direct ob- 
struction to \enous return the venous pressure is a rough index to the 
intrapleural pressure The peripheral venous pressure has been shown 
to rise appreciably during an asthmatic paro>y^m The rate of return 
to normal varies In patients w'ho have elastic lungs the venous pressure 
returns to the normal range quickly after the cessation of the asthmatic 
attack the same as it does after the Valsalva expenment In patients 
Mho have marked emphysema Muth asthma the fall is slow, and the 
original level may never be reached We believe that this is due to the 
relatne inelasticity of the lungs when emphysema is present, a feature 
Mhich IS perhaps fundamental to the development of permanent in- 
creased intrapleural pressure The relative high intrapleural pressure 
o\ er the apex of the lungs in chronic emphysema perhaps accounts for the 
prominence of veins of the upper portion of the body so characteristic in 
this disease 

SUMMARY 

1 The intrapleural and peripheral venous pressures are found to be 
increased in functional obstructive emphysema In the experimental 
animal m ith obstruction to expiration in the trachea there is an upward 
trend of both pressures after the lungs are distended Either clinically 
or expenmentally a nse in the intrapleural pressure is found to reflect 
directly upon the venous pressure 

2 WTien d> e is injected into a penpheral vein and removed from an 
arterx’ in obstructive emphysema or in an experimental animal whose 
lungs Mere distended to a point of full inspiration an increase in the 
circulation time Mas noted Dye injected into the right heart in the 
expenmental animal and removed from an artery shoMed no delay in the 
arculation time although some evidence existed to indicate that the right 
heart did not empty itself as quickly as it did imder normal arcumstances 

3 It IS suggested that although there may have been some obstruction 
to a normal amount of blood passing through the lungs, the chief obstruc- 
tion Mas at or penpheral to the entrance of the blood into the thorax 
CertamK the dela% occurred before the blood reached the nght heart 
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Evidence has been accumulating in recent years which suggests that 
certain forms of hypochromic anemia are pnmanly due to a defiaency of 
u-on (1), (2), (3) In defiaent conditions, generally, the ultimate r61e 
played by the defiaent substance is unknown This is espeaally true in 
the vitaimn defiaenaes In the study of the quantitative aspects of 
iron defiaency the mfonnation yielded by the oral administration of iron 
18 of only limited value, because the greater part of the iron so admmis- 
tered leaves the body in the feces When iron is admimstered parenter- 
ally it IS reasonable to believe that only an excess will be excreted Smce 
much the greater part of the iron m the body is contained m the hemo- 
globin, and the hemoglobin is the substance m the body apparently 
most affected in hypochromic anenua, and since the hemoglobin is 
easily av^able for accurate deternunation, it appears practical to study 
quantitatively this type of defiaency by means of the parenteral ad- 
ministration of iron 

The purpose of the present study is two fold first, to descnbe the 
dosage of iron which may be given parenterally in hypochromic anemia, 
and to compare it with the dosage by mouth , secondly, to determine the 
fate of iron administered parenterally, and establish a quantitative basis 
for the better knowledge of this type of defiaency This will lead, it is 
hoped, to a better understanding of the quantitative aspects of other 
defiaency disorders 

The study presented here has been made upon seventeen consecubve 
cases of hypochromic anemia treated with iron admimstered parenterally 
A summary of the chnical data is given in Table 1 The cases were of 
types known to respond well to iron therapy by mouth The anemia 
was either of the idiopathic hypochromic type or was due to chronic 
blood loss, inadequate diet, previous preg nanaes, or combmations of 

* The expenses of the present investigation were borne in part by grants from 
the J K Lilly gift to the Medical School of Harvard University 
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these factors Complications which sigmficantly inhibit blood formation 
■were absent, such as severe sepsis, severe damage to organs, and car- 
cmorna. Adequate control penods before therapy was instituted were 
regarded as essential in such a study, and were made in each case 

METHODS 

Blood was taken daily from the ear for reticulocyte counts during the period 
of dose observabon As a rule, every second or third day venous blood was 
taken for complete blood studies The blood counts were made with pipettes 
and counbng chambers certified by the U S Bureau of Standards The 
hemoglobin was determined with the SahU Haemometer, which had been 
standardized by determinabons of the oxygen capaaty of the blood uamg the 
■Van Slyke apparatus One hundred per cent hemoglobin was taken as the 
eqmvalent of 15 6 grams per 100 cc. of blood, or 21 volumes per cent oxygen 
capaaty Blood volumes were determined upon five cases by the vital red 
dye method of Rowntree, Brown and Roth (4) 

Except in two instances which will be indicated, iron atrate green (N N R ) 
in vanous dilubons, usually in 10 per cent solubon, was used for daily intra- 
muscular or subcutaneous injecbon This is a neutralized solubon of iron and 
ammomum abate with 0 5 per cent qmnine and urea hydrochlonde as a local 
anesthebc. The iron and ammomum abate in this prcparabon contains 
approximately 16 per cent of metalUc iron Solubons contaimng 10 per cent 
iron and ammomum abate were used as a rule, but sometimes more dilute 
solubons were administered It "was given usually in a dose corresponding to 
from 8 to 32 mgm metallic iron at each injecbon Iron and ammomum abate 
(brown scales *) was used orally, usually m a dose of 6 grams daily, corresponding 
to approximately 1 gram of metaihc iron. 

Iron in doses of 16 to 32 mgm a day, given parenterally, is very dose to the 
maximum amount of iron tolerated by man It is attended by disagreeable 
symptoms, somebmes severe and possibly dangerous Severe local pain usually 
follows the intramuscular injecbon, lasting about twenty four hours, and 
much longer if the solubon is not neutralized Immediately follo-wing the 
injecbon, and for about thirty minutes afterwards, the pabeat experiences a 
disagreeable feehng of general warmth, palpitabon and somebmes a pressure 
sensabon in the region of the precordiura, nausea and frequently vomibng 
After the admimsbabon of 48 mgm and 80 mgm m two pabents, respecbvely, 
there were much more severe reacbons Five minutes after the injecbon there 
was flushing of the face, engorgement of the neck vans and an appearance of 
intense anxiety Voraibng occurred much as it docs after the admimsbabon 
of apomorphinc. The pulse was rapid and lull, the heart sounds loud, and 
there was moderate hyperpnea Precaubons were espeaally taken that the 
solubon should not be injected directly into a van, and yet the rapidity of onset 
of symptoms suggested this possibiUty After one hour the disagreeable 
symptoms had nearly disappeared It was thought that such large doses of 
iron were disbnctiy dangerous The injecbon of 8 mgm of iron a day was 
attended by more moderate symptoms of the above nature. 

'No sigmficant difference has been found in the effeebveness of brown scales 
and green scales given orally to pabents with hypochromic anemia 
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Colrp^r:son of the parenteral dosage xeith the oral dosage of iron 

Tlie fir^t ten cases, after the necessary control period, \\ere given iron 
parentoralK each day for about ten days On the day following the last 
injection of iron, the daily oral dose of iron and ammonium citrate was 
commenced This method of investigation has been employed success- 
full> (5), (6) to compare, by means of reticulocyte responses, the potency 
of substances affecting the blood Follownng the subsidence of a rise of 
reticulocj’tes due to the uniform daily administration of the first sub- 
stance, a rise of reticulocytes due to the uniform daily administration 
of tlie second substance is proof that this second substance, in the quan- 
tity given, IS more potent than the first m the quantity given, provided 
that the two are sirmlar m their quality A summary of the hemoglobin 
and reticuloc>t;e responses to both parenteral and oral iron therapy is 
given in Table 2 

Case 1 received a commercial preparation entitled “endocolloidal 
iron” said to contain 8 mgm of metallic iron in the daily dose No 
hemoglobin or reticulocyte response resulted from these injections in this 
patient Case 2 w'as given a commercial preparation of a "colloidal” 
solution of feme hydroxide in at least double the maximal dosage recom- 
mended by the manufacturers, and attained a moderate reticulocyte nse 
and a very slow' hemoglobin nse It is possible that the iron given to 
Case 1 was not in an available form for immediate hemoglobin bmlding, 
but w as merely stored 

The ten cases may be divided into three groups fiv'e cases receiving an 
cquiv'alent of 8 mgm metallic iron daily, two cases receiving 16 mgm 
daily, and three cases receiving 32 mgm daily An illustrative case is 
shown in Figure 1 Table 3 is a summary of the hemoglobin responses 
m the ten cases and shows the average percentage of hemoglobin nse per 
day in the three groups The smallest average daily rise of hemoglobin 
occurred with the fiv'e patients receiving the smallest amount of iron, 
namely, 8 mgm , the largest average nse of hemoglobin occurred with the 
group receiving the largest amount of iron, 32 mgm The average daily 
nse of hemoglobin of all ten cases dunng the oral administration of iron 
was 1 3 per cent, a somewhat smaller rate than for the group receiving 
32 mgm of iron parenterally, which was 1 9 per cent This would seem 
to indicate that 32 mgm of iron given parenterally was a somewhat more 
effective dosage than 1,000 mgm of iron given orally 

On the other hand, when the reticulocyte responses are considered, a 
different state of affairs exists It wall be seen from Table 2 that in all 
of the cases, except Case 5 and Case 10, a definite reticulocyte response 
was observed dunng the penod in w'hich iron was administered orally 
In Case 5 no rebculocjffe counts w ere made in the second pienod In Case 
10 the oral administration of iron W’as commenced before there w'as a 
complete subsidence of the reticulocytes, w'hich may have masked a small 
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The oral adjniniBtraDoji of iron was commenced on the day following the laat mjection of iron For eitample, m Case 1, the 
day of treatment with the oral admmistration of iron is the tenth day since treatment firrt started 
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•^cnncl reticulocjte response With these two eNceptions, the data 
indicate that the oral dosage of iron in each case -was more effective than 
the parenteral dosage, and it may be concluded from this reticulocj'te data 



Fig 1 Case 7, Illustrating the Response of the Reticulocytes, 
THE Hemoglobin and the Red Blood Cells First to Iron Administered 
Intramuscularly in Small Dosage, Secon*d to Iron Administered Orally 
IN' Large Dosage 

The second reticulocyte " peak” is indicative of a greater effect of the oral 
dosage of iron Note the close correlation betw'een the actual hemoglobin nse 
and the nse which is calculated from the total amount of iron given to the 
patient bN injection (see text) 


TABLE 3 


Corrparisor of the mear rates of hemoglobin rise following first parenteral and then oral iron 
administration in 10 cases of hypochromic anemia 



Parenteral iron administration 

1 

Oral Iron 
adminis- 
tration 

Amount of metallic iron dailj , mgm 

8 

16 

32 

837 

Number of cases 

5 

2 

3 


Mean hemoglobin per cent nse per da> 

03 

0^ 

1 9 

1 3 

Extremes of hemoglobin per cent nse per day 

0-06 

05-05 

0 8-2 0 









CLARK W HEA.TH, MAURICE B STRAUSS AND WILLIAM B CASTLE 1299 

that a dose of 1 ,000 mgm of metallic iron a day given orally is somewhat 
more effective than a dose of 32 mgm given parenterally However, 
from the mformation furnished by the rate of the hemoglobm nse the 
opposite conclusion may be drawn Further information may be gained 
by the application of a more refined test for the adequacy of the blood 
response to iron adrrunistration 

From data to be published (7), certam standards for satisfactory 
hemoglobin and reticulocyte responses followmg iron m hypochromic 
anemia have been established The standard for the hemoglobin response 
after iron in hypochrormc anemia has been determmed from the mean of 
the hemoglobin responses of eighty cases of hypochromic anemia durmg the 
oral administration of iron This standard is about 2 per cent of 
hemoglobm per day when the initial hemoglobin level is below 50 per 
cent, and thus m a case of hypochromic anemia a very rapid hemoglobin 
regeneration and, therefore, an adequate dose of iron is necessary to meet 
the reqmrement The standard for the reticulocyte response has been 
adopted from data given by Mmot and Heath (3) who have shown that 
the height of the reticulocyte response in hypochromic anemia, after 
adequate iron therapy, is inversely proportional to the initial level of the 
red blood cells per cu mm and the hemoglobin percentage The response 
of the blood in a case of hypochromic anerma may be considered as a 
mean percentage of the expected response based upon these standards 
for hemoglobm and reticulocytes 

Table 4 gives the percentage of the expected response of the hemo- 
globin and reticulocytes of all seventeen cases based upon these standards 
The lowest mean response was obtained with the smallest dose of iron 

TABLE 4 

The response of the hemoglobtn and the relteuiocytes after won therapy 

(The figures given are a mean per cent ot the espected nse of hemoglobio and reticulo- 
cytes based upon arbitrary standards) 



jE*4rentetaI Iron a.dmlnlttn.Uon 

Ot»l Iron ndniinl«truUon 

Amount of metalUc iron daily, mpn 

8 

16 

32 

100-200 

1 000 

Number of cates 

5 

2 

10 

16 

38 

Mean per cent of expected retponse 

25 

40 

85 

82 

89 

Extremes of mean per cent of expected 




response 

3-39 

26-54 

50-130 

35-165 

40-195 

Per cent of cases attaining a mean per ' 




cent of expected response of more than ' 






100 


j 

40 

19 

1 42 

1 


given parenterally, namely, 8 mgm daily The highest mean response, 
85 per cent ot the expected, standard response, was obtained m the cases 
receiving the largest dose of iron parenterally This response compares 
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fa\orablj v.ith the response of an additional group of cases of hypo- 
chromic anemia recemng large amounts (6 grams daily) of iron and 
ammonium atrate orall> It will be seen m Table 4 that the mean 
response of the cases receding 100 to 200 mgm of iron orally was only 
‘:hghtl\ smaller than that of the cases receivong 1,000 mgm orally, but as 
has been explained elsewhere (7) the oral dose of 1,000 mgm of iron a 
da> IS to be regarded as a much more effective dosage than the smaller 
amounts, when individual patients are concerned A dose of iron and 
ammonium citrate by mouth containing less than 100 mgm of iron daily 
ma> produce a satisfactory blood response in an occasional patient, but 
IS much more apt to result in an unsatisfactory response or no response 
Among tlie cases recemng large doses of iron parenterally and 1,000 mgm 
orally, a similar proportion of each group attained responses of over 100 
per cent 40 per cent of the ten cases receiving 32 mgm or more of iron 
parenterally attained hemoglobin and reticulocyte responses of over 100 
per cent, and 42 per cent of the thirty-eight cases receiving 1,000 mgm 
of iron by mouth attained responses of over 100 per cent 

It IS therefore considered that a daily dose of 1,000 mgm of metallic iron 
gi<.cn orally tn the form of iron and ammonium citrate is approximately 
cqunalcnt in its blood-btnlding power to a daily dose of 32 mgm of metallic 
non gixcn parenterally in the form of non and ammonium citrate to patients 
With hypochromic anemia 

The expenments, of course, bring out a tremendous difference in the 
mass of metallic iron given by the tvvo routes This is interesting in 
comparison with pernicious anemia, in which it has been observed that 
the effective amount of potent material, when injected, is many times 
smaller than when given by mouth (8), (9) One thousand mgm of iron 
orally is the customary daily dose w'hen iron and ammonium citrate is 
emploj ed in this clinic, and represents a dose of 6 grams of the salt which 
is dmded into three portions As little as 85 mgm of iron orally has 
occasionally, but not as a rule, been found to be very effective (7) 
On the other hand, a dose of 2,000 mgm of iron daily has occasionally 
been found necessar>’^ to produce a maximal response, particularly in 
indmduals who have low acidity of the gastric contents The kind of 
iron administered orally is also of considerable significance in judging the 
dosage The necessary dose of reduced iron is very high (1 to 10 grams) 
(10), (1 1), and that of organic iron preparations is probably also high (12) 
Reimann and Fntsch (13) have demonstrated that ferrous salts are more 
effectne than feme salts They hax'e obtained undoubtedly good 
results with as little as 22 to 100 mgm of iron in the form of ferrous 
chlonde gn en daily by mouth 

The practical aspects of the oral and the parenteral administration of 
iron to patients is a problem of an entirely different nature Iron salts 
are \ erx’ cheap, and there is no financial objection to the use of large doses 
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by mouth, as there is to the use of large doses of liver extract m the 
treatment of penucious anemia Indeed, the actual expense to the 
patient of intravenous injections of meffective doses of iron, which are 
recommended by some physicians, must be absurdly high as compared 
with the low cost of a simple and very potent iron salt given by mouth, 
such as iron and ammonium citrate or ferrous carbonate However, this 
IS not as important as the discomfort to the patient of administering iron 
parenterally Thirty-two mgm is at least double the maximum dose of 
green iron citrate recommended in New and Non-Offiaal Remedies, and 
the data presented m this paper indicate that even this amount daily is 
not an optimal quantity for many cases This dose mtramuscularly is 
attended by severe local symptoms lasting about twenty-four hours, and 
also by general symptoms of a very disagreeable nature which may be 
dangerous, as has been descnbed It is therefore considered that, except 
m rare instances, the adnunistration of iron by the parenteral route should 
be avoided 


The uttltzaiton of trott admmtstered parenUrally 

In studymg the data for the first ten cases, it was discovered that the 
calculated amount of iron in the hemoglobm gained bore a close relation- 
ship to the amount of iron injected In order to determme this relation- 
ship more accurately, it was necessary to give parenteral mjections for a 
number of days, followed by a control period m which no uon was given, 
and in which the complete rise of hemoglobm could be observed Table 
S is a summary of the results obtained in seven cases Cases 11, 12 and 
13 were given several courses of iron adnumstered parenterally In all 
instances there was an appreciable nse of rebculocytes In all but Case 
17 there was a hemoglobm response In Case 17 there wtis moderate 
sepsis present in the form of bronchiectasis, and poor co-operation by the 
patient necessitated givmg only a small amount of iron In Care 12 
pyehtis accompanied by a low grade fever prevented as rapid a hemo- 
globin response as is ordinanly observed, but a satisfactory result was at 
length attained 

In order to determine the total amount of hemoglobin formed as a 
result of iron treatment it was necessary to know the patient’s blood 
volume This was detemuned in Cases 11, 12, 13, 14 and 15 The 
average blood volume per square meter of body surface of these five cases 
was used in esUmatmg the blood volume of the other cases This was 
2,423 cc. per square meter of body surface, a figure somewhat lower than 
that reported by Rowntree, Brown, and Roth (4) for secondary anemia, 
but probably more desirable for this senes, not only because the patients 
had a greater degree of anemia than those of Rowntree, Brown and Roth, 
but also for the sake of uniformity of methods 

The patients were all maintained upon diets that did, not contain 
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meat Although it was not known whether or not the patients were in 
iron balance, this was presumed to be approximately the case, provided 
that the control penods showed no hemoglobm regeneration The 
amount of iron in hemoglobin may be considered conveniently as 0 3 
per cent (14), a figure which checks closely with that obtained from the 
oxygen capacity of the blood if hemoglobin combines with one molecule 
of oxygen per atom of iron (15) From these data the total amount of 
arculatmg hemoglobin, and also of iron m the hemoglobin, may be easily 
calculated The total amount of iron gained by the arculatmg hemo- 
globin after iron therapy is the difference between the final total amount of 
iron in the arculatmg hemoglobin and the total amount before iron 
therapy If the total amount of iron given to the patient is known, the 
percentage of utilization of this iron for the building of new hemoglobin is 
easily ascertained by dividmg the grams of iron gamed (XlOO) by the 
grams of iron injected 

Table 6 gives the results of these determinations upon all the cases 
excepting Cases 1,5, and 17 Cases 1 and 17 had no demonstrable nse 


TABLB 6 

The uiUaaiton of iron admtntsUreJ porenieraUy 


CaMnambex 

Period 

1 ot iron 

injection 

Iron la 

1 drcnlnlina 

1 bemoflobm 

Sron injected | 

Iron fnioed In 
dmUnUns 
bemoslobla 

Per cent of 
oiDlatioo of 
Injected Irtjn 



Cramj ! 

pramt 

fronu 

prr unt 

2 

1 

SU ! 

080 

084 

105 

3 

I 

429 

096 

108 

112 

4 

1 

486 

080 

123 

154 

6 

1 

432 

144 1 

146 

101 

7 

1 

626 

160 1 

128 

80 

8 

1 

J41 

J20 

225 

70 

9 

1 

653 

J04 

211 

69 

10 

2 

994 

256 

161 

66 

1 

636 

224 

281 1 

125 

n 

1 

J32 

144 

118 

82 


2 

450 

256 

248 1 

97 


3 

698 

160 

137 

86 

12 

4 

835 

416 

276 

66 

1 

609 

136 

131 

96 

13 

2 

740 

J20 

259 

81 

1 

582 

144 

126 

87 

U 

2 

708 

288 

1 J88 

1 135 

1 1 

883 

224 

231 

103 

15 

1 

1074 

209 

165 

79 

16 

1 

1 137 

112 

1 085 

76 

of hemoglobin and therefore did not utUize the injected iron for reasons 
w hich have been explained In Case 5 the number of hemoglobin deter- 
minauons were insuffiaent- On Figures 1 and 2 the broken fines repre- 
sent the calculated response of the hemoglobin to the amount of iron 
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injecicd, .isFuminc: that the hemoglobin began to rise after the second 
dr\ at a rate of 1 per cent per da> The close relationship of the actual 
to the calculated gain of hemoglobin is striking, and is especially well 
illu'^trated in F igure 2 It is evident that the error ln^ oh ed, how ever, m 
determining the percentage of utilization w hen only small amounts of iron 
are gn en is so great that it detracts considerably from the significance 
of the results 

Case II, a female with idiopathic hypochromic anemia with achlor- 
Indria and with an associated dysphagia (Plummer-Vinson syndrome), 
dcseiwes particular attention The course of the recovery from anemia 
in this case is shown in Figure 2 Following the third course of iron 
injections she was given liver extract number 343 (N N R ) in a daily 
amount which was derived from 600 grams of liver This was given in 
the belief tliat such cases may be anemias due not exclusively to iron 
deficiencv, but forms that respond not only to iron but also, to a less 
extent, to some of the substances present in liver extracts The patient 
did ha\e a slight reticulocyte response and a moderate hemoglobin rise 
during this period of liver therapy w'hich, however, w'as not sustained It 
was thought that since liver extract number 343 (N N R ) contains 
ven,' slight amounts of iron this did not interfere with the observa- 
tions on the effectn eness of the iron therapy Indeed, the giving of 
li\ or extract to this patient may have removed at least some increments of 
the anemia which were not directly due to iron starvation, and thus have 
allowed a more complete response to the iron It is probable that if 
certain other extracts of In er, effective in hypochromic anemia, had been 
gnen, a greater response would have occurred How'ever, such extracts 
are known to contain appreciable amounts of iron w^hich would probably 
account for the greater response in such a patient 

The average utilization of parenteral iron in all cases was 96 per cent, 
the extremes being 69 and 154 per cent Unobserved variations in blood 
\olumes, many of which, it must be recalled, were estimated, and inac- 
curacies of hemoglobin determination are probably the chief factors w'hich 
account for these w ide extremes Notwithstanding the errors, the figures 
indicate an extraordinarily close relationship betw een the amount of iron 
injected and the amount gained in the circulating hemoglobin This is 
showm graphically in Figure 3 Attention is called particularly to the 
four encircled dots in this figure, corresponding to the four periods of 
treatment of Case 11, which show' a greater gam of hemoglobin wuth each 
increase in the amount of iron administered 

The companson of the percentage of utilization of iron gi\ en paren- 
teralh w ith that of iron gixen by mouth is interesting \\Tien very small 
amounts of iron are gn'en by mouth it is possible in a few instances to 
attain oxer 50 per cent utilization as determined in this manner (7) 
Howexer, m the treatment of many cases oxer long periods of time, and 
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V ah the usual larqe do^cs of iron gi\‘cn by mouth, the utilization is only 
a hitle o\er 3 per cent No utilization o\er 100 per cent has }et been 
oh‘=crA ed u hen iron has been gi\ en by mouth Presumably, a percentage 
of utilization of “154,” uhich iras calculated in Case 4, is the result of 
unobserved changes in blood \olume together \\ith errors m technique 
If, ho\\e\er, it wore a true value, it would suggest a number of perplexing 
prolilems Wliether or not a percentage of utilization of over 100 in certain 
cases can possibly mean some "stimulating” action of iron, w'hether or 
not, m what is belie\ed to be a true iron deficiency, the injected iron is all 
retained b> the body, and w'hether or not the iron injected merely makes 



Fig 3 The Relation'ship betw-eek the Grams of Irov Administered 
Parexterall-v and the Grams of Iron Gained in the Circulating Hemo- 
globin IN 20 Observations upon 14 Patients 

The oblique line represents ideal correlation, or 100 per cent utilization of 
iron injected Note the four encircled dots which represent the four periods of 
iron injection in Case 11, shownng a greater amount of iron recovered in the 
arculaung hemoglobin wath each greater amount of iron injected 

available other sources of iron in the body for hemoglobin formation are 
some of the problems aw aiting solution How'ever, it seems justifiable to 
come to the follownng conclusion the amount of iron (ufitlnn certain maxi- 
n.nm hauls) given parenlerally in hypochromic anemia corresponds closely 
to t1 e an ount of iron gained in the circulating hemoglobin, and is apparently 
utilized to a very large extent in the building of new hemoglobin 

The corollan, to this conclusion is that the daily dose of parenteral 
iron must be of the same magnitude as the amount of iron in the desired 
dail> nse of hemoglobin A conserv ative estimation of a satisfactory rise 
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of hemoglobin, based upon the expenence gained from treating many 
cases of hypochromic anemia, is about 1 per cent of hemoglobin a day 
For an individual with a constant blood volume of 5,000 cc , 1 per cent 
of hemoglobin a day would mean a gam each day of 7 8 grams of hemo- 
globin containing 23 4 mgm of iron A daily parenteral dose of this 
amount of iron is somewhat smaller than the dose of 32 mgm which, as 
was demonstrated above, is approximately equivalent m effectiveness to 
a daily oral dose of 1,000 mgm of iron m the form of iron and ammonium 
citrate 

It 13 therefore evident that there is no distinct advantage in giving 
iron parenterally It is not imcommon to observe a sustained rate of 
hemoglobin formation of over 2 per cent a day during the oral ad- 
ministration of large doses of iron Such a rate would generally require 
more than 32 mgm of iron given daily by injection, and more than could 
be considered a safe dose to admimster at one time Weekly or biweekly 
injections of iron, espeaally when minute doses are given, are to be 
deplored as practically useless Perhaps further work will show that a 
few cases of hypochromic anemia having complications, or intestinal 
abnormalities, will be benefited by parenterally admmistered iron when 
oral administration fails Also occasionally some psychic factor may 
prevent the adnumstration of iron by mouth, and then the cautious use of 
iron parenterally may be found of distinct value 

COMMENT 

For many years it has been recognized that iron given parenterally 
IS an effective therapeutic agent m certam forms of anemia (16), (17), (18), 
(19), (20) It 18 known that the dose of iron so adrninistered must be 
small, because of toxic effects (21) The fatal dose of iron mjected sub- 
cutaneously mto animals is qmte small, and has been estimated to be 
about 30 to 60 mgm per kilo (22) Starkenstein (23) detemimed the 
relation of the toxicity by parenteral adnumstration to that of enteral 
administration to be, for the ferrous salts, 1 5 to 1 10, and, for the 
complex iron salts, 1 100 However, the appropnate dose of parenter- 
ally administered iron m man has never been dearly defined Stockman 
(17) found that a dose of 16 to 32 mgm of iron subcutaneously a day was 
effective in abolishing anemia m chlorosis Witts (1) stated that chlorosis 
could be alleviated by the mjection of I to 2 grams of iron and ammonium 
citrate m 5 to 10 per cent solution daily, that is, 10 to 20 mgm of metallic 
iron daily Witts, however, criticized strongly the current tendency to 
employ for parenteral use unofficial preparations of iron contaming 
infinitesimal amounts of iron 

A great deal of work has been done upon the deposition and excretion 
of mjected iron It may be stored m animals mostly m the liver and 
spleen (24), (25), (26) It is excreted by the bowel (27) and by the 
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^ [dne\5 (17), (2S) Whether or not, m anemic induiduals, injected iron 
!<= stored, excreted, or utilized in the newly formed arculating hemoglobin 
has not been satisfactorily demonstrated Stockman (17) found that in 
cn^cs of chlorosis which were gixen iron subcutaneously, iron in increased 
amounts was found m the unne invariably, and therefore he believed 
that all die iron was not utilized in the formation of new' hemoglobin 

The study of die present experiments inevitably leads to the belief, 
w ithout establishing the absolute proof, that iron given therapeutically 
in In pocliromic anemia is supplying a deficiency, and is thus being made 
a\ailable for the normal manufacture of necessary hemoglobin molecules 
Tins point of view gives a logical explanation of the etiology of hypo- 
chromic anemia, and prox'ides a simple basis for further experimental 
w ork upon this condition This is a much simpler explanation than the 
one which assumes that iron, like arsenic or copper, has only a “stimulat- 
ing,” “catalytic” or “tonic” effect upon hemoglobin formation It is 
\cr> likely diat the reticulocyte response, attnbuted to the effect of iron, 
ma\ not be a direct one, but one due to the supply of hemoglobin to the 
> oung red blood cells The delay of about four days usually encountered 
before the appearance of increased numbers of reticulocytes, follow'ing 
die administration of a potent substance m anemia, can be understood 
if this time IS required for certain new' molecules necessary to cell growth 
to be formed Iron may “stimulate” m this sense the growth of young 
red blood cells 

It IS not believed that poverty of hemoglobin is the only result of such 
an iron deficiency, although it is likely that the body economy can best 
spare iron from the hemoglobin molecule before it gives up iron from the 
fixed tissues of the body \^ffllpple (29), for example, has shown that it is 
difficult to exhaust muscle hemoglobin w'hich is closely related to blood 
hemoglobin Iron is known to be present in many, if not m all, cells (30), 
(31) both plant and animal , but the relatively large amount of iron in the 
red blood cells, and the ease of obsen'ing changes in the corpuscular 
characteristics of the blood, has focussed our attention upon this part of 
the body The dx'strophy of the nails commonly observed in idiopathic 
h\pochromic anemia with achlorhydria is very possibly the result of a 
poor supply of iron to the germinative cells of the nail root One is 
tempted also to place under this etiology, certain other changes obsen'ed 
in these patients atrophy of the skin, atrophic changes of the tongue, 
fissures about the mouth, and perhaps also certain blood capillary changes 
w hich lead to easy bruising and menorrhagia All of these changes have 
been obseiw ed to disappear as the anemia improx es during the administra- 
tion of iron Therefore a part of injected or assimilated iron may go to 
suppK deficiencies in the body other than in the blood regenerating 
apparatus But it is beliexed that the amount of iron utilized m this 
w a\ IS extremeK small as compared to the amount utilized in the manu- 
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facture of hemoglobm Some of the iron may also be excreted m the 
urine or feces 

Whipple and Robscheit-Robbins (32) have shown a very complete 
conservation of hemoglobm injected mtravenously into dogs, amounting 
to 90 per cent or even more Moreover, their work suggests that the body 
can manufacture certain organic constituents of the hemoglobm molecule 
(pyrrol substances) (33) The fact that liver and kidney are more 
effective than iron m regenerating hemoglobin in Whipple’s dogs with 
anemia due to chronic blood loss, whereas these substances are often 
ineffective m regenerating hemoglobin in idiopathic hypochromic anerma, 
IS explainable from several points of view The standard ration employed 
by Whipple and Robscheit-Robbins contains 20 mgm of iron daily, 
which they regard as adequate for maintenance and more than enough to 
make up for daily wastage and for hemoglobin lost by bleeding (34) 
The substances lacking in these dogs, therefore, are probably orgamc 
rather than inorganic In idiopathic hypochromic anemia a deficiency 
of iron seems to be the chief factor m preventing adequate regeneration of 
hemoglobin In other forms of hypochromic anemia, especially that fol- 
lowing uncomplicated chronic blood loss, the administration of liver may 
be followed by as satisfactory blood regeneration as when only iron is 
employed, although the administration of both liver and iron m certain 
cases 13 sometimes more satisfactory than either alone (35) In such 
conditions, as m Whipple’s dogs, the substances preventing adequate 
hemoglobin regeneration may be prmapally orgamc. Because a utihza- 
tion of more than 100 per cent of the administered iron has not been 
demonstrated satisfactorily there seems to be no definite evidence of a 
"catalytic” influence or "salt effect" of iron m the production of hemo- 
globin m human anemia 

As Whipple has aptly expressed it " uon is an elusive spnte 
,” and in spite of a voluminous literature representing countless 
expenments, we are far from reaching a final conclusion m problems con- 
cerning iron metabolism However, as observations upon patients and 
upon expenmentally produced anemia accumulate, it beiximes possible to 
formulate certain basic pnnaples which aid in the classification and 
alleviation of anerma The present expenments give evidence to prove 
that, in what has been considered iron defiaency, the deficient substance 
when given by the parenteral route, may be quantitatively recovered in 
an organized form in the blood stream As our knowledge of chemical 
processes progresses, the quantitative relationships of vitamins and 
other necessary food substances to deficiencies will become more ac- 
curately known 
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SUMMAR\ AVD COVCLUSIONS 

1 Sc\cntccn consecuti\e cases of hypochromic anemia have been 
•itndied in reference to hemoglobin regeneration and reticulocyte response 
following the administration of iron parenterally and orally 

2 A daiK dose of 1,000 mgm of metallic iron given orally in the form 
of iron and ammonium citrate is approximately equivalent in its blood- 
building power to a daily dose of 32 mgm of metallic iron given parent- 
cralK in the form of iron and ammonium citrate to patients wuth hypo- 
chromic anemia 

3 The amount of iron gi\en parenterally (within certain maximum 
limits) corresponds closely to the amount of iron gained in the circulating 
hemoglobin, and is apparently utilized to a very large extent in the build- 
ing of new hemoglobin 

4 Because of the toxicity of iron administered parenterally in ade- 
quate dosage, and for practical and economic reasons, it is believed that 
It IS undesirable to give iron parenterally rather than orally in most cases 

5 A simple explanation is offered for the etiology and the effectiveness 
of iron therapy in certain t>’pes of hypochromic anemia, namely, that these 
t^ pes of anemia are due to a deficiency, chiefly of iron, preventing ade- 
quate hemoglobin formation The relationship of the deficient sub- 
stance, iron, to the deficiency itself, which is mainly in the circulating 
hemoglobin, can be expressed in a quantitative fashion 
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THE ROLE OF CALCIUM. PHOSPHORUS AND VITAMIN D 
IN PREGNANCY 1 


By H 0 NICHOLAS and EVELYN M KUHN 
(From the Department of Chemrsiry, The Race Insttiuie, HoiuUm, Texas) 

(Received for publication August 1, 1932) 

Within recent years the importance of calcium and phosphorus in the 
diet m pregnancy has received considerable attention In considering 
the nutntional v^ue of these elements, it was also quite natural that the 
r61e played by vitamin D should be investigated The value of these 
substances has been studied particularly from the standpomt of patho- 
logical conditions of pregnancy, viz , osteomalacia and eclampsia Max- 
well, Miles and Feng (1, 2) have made a rather complete study of osteo- 
malaoa in China and found that this condition could be relieved by 
placmg the mothers on a high calaum and phosphorus chet supplemented 
by vitaimn D Hughes et al (3) m India, likewise had excellent results 
with this same treatment Also, in the toxemias of pregnancy some 
interesting observations have been reported from the use of vitamin D and 
calaum Richardson (4) reports favorable results in the treatment of 
eclampsia with large doses of vitamin D, and Mmot and Cutler (5) give 
good evidence that a high calaum diet or calaum salts intravenously will 
relieve the symptoms of eclampsia 

It seemed advisable, therefore, to make a study of the effect of these 
three agents in pregnancy, primarily from the standpoint of the trans- 
mission of calaum and phosphorus from the mother to the fetus The 
primary object of the mvestigation was to see if the ash content of the 
fetus could be controlled by the character of the maternal diet, and 
secondly to detemune whether or not there was any perceptible evidence 
of a drain by the fetes on the calaum and phosphorus content of the 
maternal bone There are only two papers beanng on this particular 
phase of the subject, of which we are aware Maxwell, Miles and Feng 
(1, 2) in their work, analysed the fetal bones of stillboms from osteo- 
malaac mothers, and noted some decrease in the normal ash content, and 
Toverud (6) earned several rats through pregnancy on a low calaum diet 
and noted a decrease m the ash, calaum and phosphorus content of the 
maternal femurs 


' Constructed from the thesis presented by Miss Evelyn M Kuhn to the 
Faculty of the Rice Inshtute in parUal fulfillment of the requirements for the 
Degree of Master of Arts, June 1932 
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■METHODS 

All rats used m this investigation Mere raised from our own stock 
Thc\ were from four to si\ months old, and had been fed on the control 
diet (sec Ijelow) up to the time of mating Immediately after mating, 
the females were placed on one of the experimental diets throughout the 
term of pregnancy The composition of the diets used was as follows 

1 Control diet This consisted of the baste diet supplemented by 
fresh green xegetables and fruits, butter, yeast and cod liver oil 

2 Basic diet This had the following composition linseed oil meal, 
15 parts, ground barley, 10 parts, w-heat flour, 22 parts, dned buttermilk, 
15 parts, rolled oats, 15 parts, yellow' corn meal, 20 parts, steamed bone 
meal, 1 part, ground limestone, 1 part, salt, 1 part On analysis, this diet 
was found to contain 97 mgm calcium and 50 mgm phosphorus per 10 
gram portion 

3 Deficient diet This consisted of w'heat flour, 22 parts, yellow corn 
meal, 77 parts, salt, 1 part On analysis, this diet contained 13 mgm 
calcium and 20 mgm phosphorus per 10 gram portion 

Some of the pregnant rats which were being fed either the baste or 
the deficient diet W'ere also given 0 5 cc of viosterol 250 D ® daily Great 
care w as taken to insure the rats getting this full amount of vitamin D 
A small portion of the food W'as moistened with the oil, and this was eaten 
by the rats before the remainder of the food was given them 

In connection wuth this feeding of -viosterol and the pregnancy of the 
rat, a \ &ry interesting phenomenon was noticed The pregnant rats on 
either the basic or deficient diets wuthout viosterol, mated and delivered 
their litters with normal expectancy, i e on both diets six out of seven 
rats which had been mated, delivered their litters at the end of the 22 day 
gestation period Also the tw'o rats which were maintained on the 
control diet went through their pregnancies wnthout any trouble These 
figures represent an actual diagnosis of pregnancy followed by normal 
deli\er>' in 14 out of 16 attempts at mating 

On the other hand, those rats w'ho were immediately given the 0 5 cc 
of \ losterol after mating did not come through their pregnancies wuth such 
regularitv Of 5 rats who were mated and then immediately placed on 
the deficient diet with vnosterol, only one (rat number 15, Table I) came 
to normal term, while of 7 more rats who were also on the deficient diet 
but who did not receive the -viosterol except during the last 10 to 14 days 
of their pregnancies, 5 came to normal term That is, only six out of 
twehe rats went through their pregnancies when given viosterol with a 
diet poor in calcium and phosphorus Still low'er w'as the percentage of 
successful pregnancies in the rats fed the baste diet wuth -viosterol added 
Of 5 rats who were gi\en viosterol during the 22 day penod, none pro- 

* We are greatl\ indebted to Mead Johnson and Co , E\ans\ille, Ind , for 
the generous supply of Mosterol 250 D used in this work 
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duced any young, and only two rats, out of 10 mated, delivered their 
litters when given the viosterol only during the last 14 days of pregnancy 
This represents only two successful pregnancies out of fifteen attempts 
The reason for this seemingly contraceptive action of viosterol, particu- 
larly on the baste diet, has not been studied by us, nor has it been pre- 
viously reported as far as we are aware That this eflfect could not be 
one of environmental or climatic conditions is ruled out, inasmuch as the 

TABLE I 


Calcium and phosphorus content of maternal bone ash and of the offspring 


Mother rmt 

Humber 
of pup* 

Aversee* of pupt In Htteri 

Diet 

Nomber 

Wdtht 

Oil 

dum* 

Pho»- 

pbofUf* 

Wdeht 

Alht 

Cal 

dumf 

Pbol 

pboru»t 



trams 

mm 

Ptr c*nt 


tr^ms 

mtm 

mgm 

mfTB 

Control 

I 

153 


16 2 

10 

4 85 

913 

13 8 

141 


2 

142 


17 1 

7 

5 07 

92 2 

13 9 

141 

Baste 

3 

134 

34J 

131 

7 

435 

907 

mm 

13 1 


4 

145 

35 8 

Wsm 

8 

515 

91 8 




5 

139 

33 8 


7 

436 

92 4 

■m 

HkfcH 


6 

143 

35 4 

mm 

9 

460 

86 9 

133 

beli 


7 

148 

3S4 

171 

5 

4 99 

90 9 

13 9 

Briefl 


8 

ISO 

35 0 

16,8 

6 

S06 

87 7 

123 


Baste -f 

9 

wm 

40,3 

17,8 

6 

6 03 

1143 

18 9 

■mi 

viosterol 

to 


382 

17 5 

6 

5 90 

1133 

19 0 

Bn^l 

Deficient 

11 

El 

319 

131 

8 

463 

77 8 

10 6 

13 4 


12 

mm 

330 


6 

508 

87 6 

119 

12 9 


13 

mi 

32 6 

Ea 

8 

4 52 

75 6 

10 5 

11 0 

Deficient 

14 

205 

37 2 

17,8 

8 

5 95 

963 

14 7 

14 4 

+ 

IS 

139 

38 0 

18 0 

7 

436 

BO 7 

12 5 

11^ 

viosterol 

16 

142 

35 7 

16 5 

6 

4 96 

852 

13 1 

13 7 


17 

141 

35 7 

173 

S 

5 01 

90 8 

113 

13 6 


18 

161 

36J 

17 6 

10 

4 72 

75 9 

12 9 

1? ? 


19 

1S5 

36J 

17 6 

11 

4 12 

72 9 

12 4 

11 8 


* Calaum and phoaphoruB content of the ash of the femurs and obias 
t Average ash, calaum and phosphorus content in the body of the offspnng 


rats mthout the viosterol were mabng and delivenng at the same time 
that the viosterol-fed rats were failuig No attempt will be made by us to 
interpret these findings 

Immediately after bu^, and before suckling, the litters were removed 
Each rat pup was individually ethenred, weighed and ashed to constant 
weight in an electnc muffle fumac — ' " *' 

was weighed, dissolved in dilute : 

Ahquots of this solution were i 
determinations In analyzu 
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were di'^scctcd out, and were ashed according to the method of Morguhs 
(7) In heating tlic bones to 250° C with a glycerole solution of potassium 
h\ droxide Upon tlie resulting bone ash, determinations for calcium and 
phosphorus w ere made All calcium determinations w ere made according 
to the method of Roe and Kahn (8), and the phosphorus determinations 
b\ the method of Fiske and Subbarow (9) 

RESULTS AND DISCUSSION 

It IS unnecessary’^ to give the individual w’eight, ash, calcium and 
phosphorus data on each of the 140 rat pups which resulted from the 
nineteen pregnancies Table I gnes the average weight, ash, calcium 
and phosphorus contents of the pups in the individual litters, as well as 
the analy deal data on the corresponding mothers Table II condenses 


TABLE II 

The \rfluerce of diet on the calcium and phosphorus content of maternal bone ash and of 

the offspring 


Mother rat 

Aterages of pups 

Diet 

Cal- 

dura* 

Phos- 

phorus* 



Cal- 

dumt 

■ 

Ash 

per 

snm 

weight 

Cal- I 
emm 
per 

gmm 1 
weight 1 

Phos 

phorus 

per 

gram 

weight 

Basic + Mosterol 

Basic (and control) 
Deficient -f MOsterol 
Defiaent 

per 

cent 

39 2 
34 8 
36 5 
32 5 

per 

cent 

17 7 

16 9 

17 5 
14 6 

grams 

5 96 

4 93 

4 89 

4 74 

mgm 

113 8 
90 5 
83 7 
80 3 

ngm 

19 0 
13 4 
12 9 
11 0 

! 

mzm 1 

15 0 
13 6 
12 9 
124 

1 

mzm 1 

19 1 
18 3 
17 1 
169 

mgm 

3 2 

2 7 
26 
23 

mgm 

25 

2 8 

2 6 

2 6 


* A\crage calaum and phosphorus content of the ash of the femurs and 
tibias 

t crage ash, calcium and phosphorus content in the body of the offspnng 


and summarizes the data of the preceding table, giving by diets, the 
a\ crage \ alues obtained on both mothers and pups It will be noted that 
in Table II, the ttto rats fed on the control diet are grouped with the six 
that w ere fed the baste diet This is permissible since the data show’ that 
there is no difference between the mother rats and pups on these tvvo 
diets, which fact also indicates that at least for the duration of the experi- 
ment the basic diet was entirely adequate for the normal maintenance 
of the mother rat 

The growth-promoting effect of viosterol on the fetus is quite pro- 
nounced, as can be seen from Table II The mothers on the viosterol 
diet produced larger pups than those on the corresponding diets w ithout 
MO^terol Likewise, the absolute ash, calcium and phosphorus contents 
of the pups were greater under the influence of viosterol, and so were the 
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relative ash and calcium contents (i e ash and calcium per gram pup 
weight) The vanation in the relative phosphorus content was not so 
great, with a tendency to run inversely to the relative calcium content 
The variation in the calcium and phosphorus content of the maternal 
bones was also quite noticeable Both groups of viosterol-fed mothers 
showed higher contents of these two elements than did the mothers not 
receiving the viosterol It has already been pointed out that mothers 
on the viosterol diet produced young who had a greater content of calcium 
and phosphorus in them, than corresponding offspnng from the mothers 
not receivmg the viosterol It is evident, therefore, that viosterol 
exerts its influence in two ways In the first place, vitamin D exhibits a 
prenatal effect on the fetus, by forcing or allowing the fetus to take more 
calcium and phosphorus from the maternal orgamsm, than it would 
ordinanly get from the mother on a normal or limited diet This extra 
dram by the fetus (under the influence of viosterol) would be expected to 
deplete the maternal bones of calaum and phosphorus, imlesa there was 
some protection offered to them Therefore, in the second place, the 
viosterol offers this protection by causing better assimilation of the large or 
small amount of calaum and phosphorus in the mothers’ diets, so that 
there IS actually an over-abimdance of these elements laid down in the 
maternal bones to counteract the excessive dram by the fetus An 
interesting picture is presented in the deficient + viosterol group wherein 
the calaum and phosphorus content of the maternal bones is greater 
than in the baste group, although the calaum and phosphorus content 
of the diet is considerably less than in the diet of the baste group How- 
ever, the offspnng from the defiaeni -f- vtosterol do not have as great ash, 
calcium and phosphorus content as do those from the baste group mothers 
These facts seem to indicate that the viosterol exhibits a relatively greater 
effect in promoting assimilation of calaum and phosphorus from the 
diet by the maternal organism, than in increasing the transmission 
of these elements from the mother to the fetus 

The only real evidence of any actual drain by the fetus on the maternal 
bone can be shown by comparing the baste and the deficient groups In 
these groups the mothers received no viosterol The mothers fed on the 
basic diet showed a higher content of bone calcium and phosphorus and 
their young showed more ash, calaum and phosphorus than did the 
mothers and yoimg from the deficient diet Companng these two groups 
with two similar groups of non-pregnant female rats of the same age, and 
fed on the same diets for 22 days, one can see the evidence of a drain by 
the fetus on the ash content of the maternal bone On analysis, the 
calaum content of the bone of 3 normal non pregnant females fed on the 
basic diet was 35 0 per cent, and the phosphorus content was 17 0 per cent 
These values compare well with those obtamed from pregnant rats on the 
basic diet. The calaum and phosphorus content of i 
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of 2 normal non-pregnant rats kept on the deficient diet for 22 daj's ^\as 
34 2 and 16 9 per cent respoctnel> Comparing these \alues \nth those 
of the pTcgi.aht rats on the defiaent diet, there is noted a considerable 
decrease in the calcium content of the bone of the pregnant rat, and this 
decrea'^e is more noticeable in the phosphorus content In the tv\ o groups 
of \aosterol-fed rats this dram was not noticeable, since the assimilating 
effect of tlie Mosterol overshadowed the lesser prenatal effect of trans- 
mission of calcium and phosphorus from the mother to the fetus. 

SUMMARY 

1 Pregnant rats fed on high and low^ calcium and phosphorus con- 
taining diets with added large doses of viosterol 250 D produced larger 
\oung, which contained greater amounts of ash, calcium and phosphorus 
than did }Oung coming from mothers on the same diets w^ithout the 
^ losterol 

2 The results show" definite evidence of a dram on the calcium and 
phosphorus content of the maternal bone by the fetus only in the case of 
the mother rats kept on the defiaent diet These bones, which contained 
32 5 and 14 6 per cent of calcium and phosphorus respectively, when 
compared to the calcium content of 34 2 and phosphorus content of 16 9 
per cent as found in bones of non-pregnant females, show definite evidence 
of bone depletion by the fetus 

3 In pregnancy, viosterol plays a dual role In the first place, it 
exhibits Its w ell-knowm normal effect of causing better assinrulation of the 
calcium and phosphorus m the diet by the maternal organism, and 
secondly, it seems to have a prenatal effect of allowing better transmission 
of calcium and phosphorus from the mother to the fetus 

4 E^^dence of the possible interfenng action of viosterol on the 
progress of a normal pregnancy is indicated 
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PART I 

CHANGES IN CONCENTRATION OF G\SCS IN THE BLOOD 
Cheyne Stokes respiration is characterized by rhythmic changes in 
breathing in tthich periods of respiratory pause alternate with penods 
of slowly increasing and decreasmg respiratory activity It may be 
accompanied by phasic variations in the funcUons of the heart, nervous 
system and other organs, and has more recently been found to be asso 
elated with periodic variation in the concentration of the gases in the 
blood It occurs tis a symptom in diseases of the heart and kidneys ■■ 
especially, in meningitis and in encephalitis, and m certain mtOMcations 
such as morphine poisoning and o-cygen lack The development of this 
type of breathing has been asenbed to many causes — disturbances in 
the gaseous exchange in the lungs, of the circulation, of the activity of 
the respiratory and vasomotor centers and to so called sub cortical 
influences Objections to all these hypotheses have been entered aith 
the result that no satisfactory understanding of the subject has been 
attained It is of value, therefore, to record further observations of 
Cheyne-Stokes respiration and its attendant or resultant phenomena 
The phenomenon concerning which it seems now important to accum- 
ulate more experience, is the behavior of the gases, carbon dioxide and 
oxygen, in the blood under the circumstances which attend this type of 
respiration For this purpose, samples of arterial blood taken from 
patients exhibiting this abnormality xvere studied A few analyses of 
artenal blood have already been reported by Gollwitzer-Meier (1), Uhlen 
bruck (2), and Resnik and Lathrop (3) Their studies show that van 
ations in the concentration of the gases m the blood do occur during 
different phases of respiration • and that at some point dunng the res 
piratorj cymle, ox-j'gen saturation of the blood usually reaches normal 
limits Theaverage carbon dioxide content m the blood is reported in some 
cases to be increased, in others decreased, and in others normal In for- 
mer studies only one or two samples of blood were, however, taken, but 
m order to ascertain the extent of the x-anation m the concentration of 
the gases in the blood during a cycle of Cheyne S tokes respiration it is 

> In this paper the Cheyne Stokes c\cU is described as divisible into a 
respiratory phase and an apnejc pJasc 
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•'t ri --m to colltTt from a contintiou'; flow of arterial hlood, separate, 
.nr.udnuK '~uccc"'nc '^ample^i a*; rapidK as pov^Jiblc For this purpose 
1 nMflh of tlic t\pe usualK used in punctunne: arteries was connected 
wuii a iiiiK-waN stopcock* With its aid, samples could be rapidb ob- 
; iinerl \ --omewhat similar method has recenth been published In 
K!( in (4) The blood was collected under liquid paraflin, the owc^en 
ind cirbon dioxide content were estimated b\ the method described In 
\ an Shke and \eill f5), and thelndrogen ion concentration according 
to that of Hastings and Sendrox f6) 

Two patients were selected for studx in whom Che\ ne-Stokes respira- 
tion was obserxed in the hospital oxer a period of sex eral months, and xxho, 
1 ( cause of decreased mental actix itx , x\ ere not disturbed bx the procedure 
of arterial puncture A long period of observation xxas regarded as 
important in order to be certain of the continuous presence of this tj^pe 
of breathing As is x\ell known, there are cases m xvhich Cheyne-Stokes 
breathing occurs in a transient manner, as for example m cases of heart 
failure and morphine poisoning or m normal indixaduals during a sojourn 
m rarefied air Since the transient t> pe may be distinct from the con- 
tinuous It IS unknown at present xxhether the results of the obserx’^ations 
now reported are applicable to cases of Cheyne-Stokes respiration m 
nc ral 

Cd'^c I The first patient, S H , male, aged 52, Hospital number 7599, 
was admitted to the hospital on December 5, 1930 The diagnosis xxas 
hx pertension and cardiac insufliciencx After a long period, during 
wliith he xxas kept under the influence of digitalis and xxas obliged to 
rx-t in led. he graduallx improxed For about three months before 
discharge the periods of Chex ne-Stokes respiration had been constantly 
present, but for the last three xxeeks, after considerable betterment, they 
h id become intermittent He then left this hospital 

In the onl) studx made of this patient four samples of blood xxere 
liken, the oxxgen contents of xxhich xaried betxxeen 15 1 and 18 5 
X olumes per cent (79 9 and 98 2 per cent of saturation), xx hile those of the 
carbon dioxide xaried between 42 2 and 50 1 x olumes per cent The 
number of samples was too small and the time during xxhich they xxere 
taken xx as, in the case of each sample, too long to construct a curx e, but the 
rx'ults are show n schematicallx in Figure 1 Thej gixe only an approxi- 

' 1 hi« stopcock was made of glass and first used m January 1931 Blood 
inttrt.d ilirougli an opening in the bottom of the center plug emerging on the 
^ulx Licht perforations through the jacket in a arcle at the lex el of the optn- 
iiu in the center plug lead b\ rubber connections to openings into the loxxer 
t id' of the cla== «ample tubes The sample tubes are held bj a stout rubber 
l>>nd at,ainvi ihe outer surface of the jacket The whole apparatus is then 
‘iHed xith jnrafiin oil Bx rexolxing the jacket with the sample tubes fned 
to It the tubes can be successixelx and rapidlx connected to the arterial needle 
O' cat nula 





Fig 1 Chart of the Variations in Concentration of Oxtgen and 
Cardon Dioxide in Blood Obtained from the Radial Artery During a 
Ctcle op Chc\ne Stokes Respiration (Case I) 

Arrows "a mark the onset of djspnca, arrows “A the onset of apnea 
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m ill ircmint of whai tlu course of c\en(‘=; rmi*^! ha\c been The true 
m'Mtna \!ui nnninn were undouhleclK creator than the ie\els actuallj. 
nbianud in the ‘-ampler, hut uhntc\cr their magnitude they were prob- 
iltK attained witiiin the period of time during which the samples charnc- 
u rut (\ 1)\ the extreme xalues were collected The greatest owgen 
ronci ntration wa*^ found to occur during the first half of apnea It 
di rri a-t^d durimr the second half of apnea and the first part of the respira- 
t(ir\ jiha'-e wherein it reached its minimum and began to increase again 
I Ik maximum was reache'd as before at the beginning of apnea The 
eona ntr.ition of carbon dioxide xaried in an inverse direction The 
nu an concentrations of iaoth gases occurred at about the beginning of the 
n -jiiratorx pha'^e and either mean concentrations or xalues between this 
ii\( I and the maximal oxxgen and minimal carbon dioxide concentrations 
< reurrtd at the end of the respirator) phase 

Cti'tc II In the second patient, S G, male, aged 50, Hospital 
nunibtr 7745, admitted April 24, 1931, there had dex'eloped first right, 
llun left hemiplegia sex'eral jears before admission Pareses of all the 
(xtreimties, and aphasia still persisted Arterial hypertension was 
Iiri-(.nt, hut there were no signs of cardiac insufficiency In the first 
'•tudx fP igure 2) four samples of blood during a single cycle were secured, 
ind one =ample during the whole of the next succeeding one By super- 
impO'ing (he results obtained during the first c}cle upon those of the 
■«( toncl It becomes obx lous that the longer the time consumed m collecting 
I ‘•ingle sample, the greater the dexnation of the X'alues found from what 
must haxe been the actual or extreme X'alues The oxygen content 
xariid onlx between 16 1 and 16 9 x'olumes per cent (89 1 and 93 0 per 
( ( nt of saturation) and the carbon dioxide betx\een 40 8 and 45 6 xolumes 
(nr ctnt That in this instance the range of x’-anation in the concentra- 
tion of the gases in the blood was so much less than in Case I may hax'c 
bttn due to the fact that the phases of apnea and dyspnea xxere shorter 
The oxxgen minimum lax, hoxxexer, at the same point as in Case I, but 
tin maximum was found to fall, not in the first part of the apneic phase 
but during the last few respirations Respiration therefore stopped 
when maximal oxxgen and minimal carbon dioxide concentrations xxere 
rtathed, while it began when they attained mean xalues The oxygen 
(onitnt furthermore, decreased more slowlx’’ than it increased The 
Indrogen ion concentration of the blood xaried with the changes in con- 
crntration of the ga'jes, reaching the peak of aciditx (pH 7 40) at the time 
nt the carbon dioxide maximum, and decreasing to pH 7 44 at that of the 
carlnin dioxide minimum 

In the =econd studx of thi*; patient (Figure 3), eight samples of blood 
xxtrt taken during two cycles of Chex ne-Stokes breathing The oxxgen 
content xant'd between 16 6 and IS 2 xolumes per cent (83 7 per cent 
and 7 per cent of saturation), the carbon dioxide betxxeen 40 5 and 
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Fig 2 Chart of the Variations in Concentration of Oxygen and 
Carbon Dioxide in Blood Obtained from the Radial Artery During a 
Cycle or Cheytie Stokes Respiration (Case II) 

A fifth sample of long duration obtained dunng the next succeeding cj cle 
illustrates the "leveling ’ etIecL The solid line represents the changes in gases 
of the blood found dunng the first cjcle reproduced in chronological relabon 
to the second cjcle The broken line traces the change in hydrogen ion 
concentration 


1 
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5 \ohinU' p(T ant That ihc'C chantjcs A\ere crcater than thocc 
nit! niial nil tlu prtMoim nccavion ma\ ha^e been due to the greater 
I( nirth of tlu Chi \ lu 'St()kc> ocle*;, or to the ‘jhortcr time during which 
t .uh '-anipk w<i« collected The time at which carbon dioxide wa'? at its 
ni ixmuiin and owgen at its minimum bore the same relation to the 



Tunc in seconds 

I u. 3 ClIAKT 01 THE \ ARlATlOX OF THE GaSES IX BlOOD OBTAINED IX A 
Later Stldx ox the Patiext Showx ix Figure 2 

rt'piratorx c\cle as in the prexious obserxation in this patient The 
oxAgen maximum lax in the first part of apnea Concentrations of both 
ga^*^ were approximatelx near the mid-le\el xxhen the respiratory phase 
began In this studx too, oxxgen concentration decreased and carbon 
dioxidt concentration increased more slow lx than these increased and 
dicrca-uxi respectixelx 
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DISCUSSION 

In these observations the minimal concentration of oxygen in blood 
taken from the radial artery occurs constantly during the respiratory 
phase of the Chevne Stokes cycle, and the maximum at the end of this 
phase, or at the beginning of apnea. The maximal and minimal con- 
centrations of the carbon dioxide occur at the time of the minimal and 
maximal concentrations respectively of oxygen Similar results have 
been reported by Klein (4) 

In order to set forth accurately the relations in time between the 
Cheyne Stokes cycle and the concentration of gases m the blood leaving 
the lungs, one must recall the fact that any given concentration at this 
site precedes its arrival at the radial artery by the time of transmission, 
which being but two or three seconds, changes the relations only by 
msigmficant amounts By refetnng to Figure 3, it becomes apparent 
that the first few small respirations have little effect on the gases of the 
blood The peak of saturation with oxygen is attained, moreov'er, ]ust 
before or immediately upon the end of respiration, and indicates that the 
last few respirations also are quite ineffective 

Because of the different conditions attending the exchange of oxygen 
and of carbon dioxide between blood and lungs, the changes in their 
concentrations, though always opposite m direction, are not always 
inversely proportional Aside from this relation, the amount of each 
gas present influences, as is well knowm, the concentration of the other 
The question arises, therefore, how far the concentrations of gases in the 
blood are determined by variations in alveolar tension, and how far by the 
varying concentrations of the gases present m the blood itself This 
problem has its importance, but the facts which are knowm are insuffi- 
cient to analyze the processes which are involved 

The concentration of hydrogen ions in the blood shows changes 
consistent wnth the variations found in that of carbon dioxide These 
vanations are, however, relatively speaking small, due to the presence 
of the usual buffers of the blood Since it is known that hemoglobin 
takes up one half molecule of carbon dioxide for each molecule of oxj'gen 
lost, without change in hydrogen ion concentration, the actual range 
of variation is still smaller than might be expected because decrease in 
oxygen takes place simultaneously with increase in carbon dioxide 

If changes m concentration of gases or of hydrogen ions in the blood 
control phases in the Cheyne-Stokes cvcle, the levels of their various 
concentrations at the beginning of the respiratory phase take on new 
sigmficance because it is at this point that, considered collectively 
as a stimulus, they may be assumed to hav e reached the threshold value 
of the respiratorv center Should this suggestion concerning the chain 
of ev ents be correct, it w ould afford in man an opportunity to ascertain 
the threshold value of the respiratorv’ center The importancTof kpow- 
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nm this \aluc lio in the fact that it indicates a definite statue of irntalnliU , 
a idil\ di^ccnied In a change from inactiMt\ to actniU in the origans 
rontroIliHl In the center If the composition of the blood nhich is taken 
from the radial artem is identical nith that nhich arrnes at a corrcspoiid- 
iinr time at the respiratoin center (due regard being paid, of course, to 
dilTerence" m distance and m the nature of the arterial channels), the 
thrcdiold of imtabihu of the respiratory center to carbon dioxide and 
owgen lies at about the mean concentration of these gases in the blood, 
and also at the mean xalue of the hydrogen ion concentration, between 
pH 7 40 and 7 44 The last respiration may be a sign, furthermore, 
that the stimulus derixed from the concentration of the gases m the 
blood has fallen below the threshold value The impression has been 
gamed m the course of these obserxations that the threshold changes, 
that it IS lower w hen the mtensity^ of the stimulus derixed from the blood 
IS decreasing than x\hen it is increasing The problem of the function 
of the respiratory' center x\ ith regard to stimuli of increasing and decreas- 
ing strength has been so little studied that for the moment further dis- 
cussion seems unprofitable 

From studies of the analyses of the gases m the blood alone, an ex- 
planation of the mechanism of Cheyme-Stokes respiration is not to be 
expected For this reason objections may' be raised to the conclusions of 
Klein His observations and the results he obtained from them are, 
how ex er, in close accord x\ ith those noxv described By locating, in the 
phases of the Chey ne-Stokes cycle the instants of maximal and minimal 
'•aturation of oxygen m blood taken from the radial artery', he demon- 
strated that the oxygen saturation xxas loxxest at about the height of 
dxspnea and greatest at the beginning of apnea He then showed, bx' 
n,eans of injections of Congo-red into an arm x'em that, m patients with 
Chex ne-Stokes breathing, 18 to 22 seconds passed before the dy'e appeared 
m the radial artery', while m normal mdixnduals only 8 to 12 seconds 
were required From the increased time of flow he calculated the time 
at xvhich the blood in the lungs xxould be most and x\hen least saturated 
with oxxgen Maximal saturation (in the lungs) occurred at or just 
1 (.fore the height of the respiratory' phase, but breathing continued until 
blood saturated with oxygen arrixed at the respiratory' center Respira- 
tion then stopped The response of the respiratory' center delay'ed bx 
the slow rate of circulation shoxxn by' the experiments xxith the dye xxith 
respect to conditions at the site of x entilation (the lungs) he terms “ Nach- 
hmken ’ After complete saturation of the blood m the respiratorx 
phase, ox er-x entilation, he beliexes, occurs xxith loss of carbon dioxide 
Apnea then follows If the time required for blood to flow from lungs 
to center is so important a factor as behexed by Klein in maintaining 
periodicitx of respiration, changes in the rate of floxx should alter the 
length of the respiratory cycles But this relation does not exist If it 
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did, the breathing of normal persons should be periodic in character, 
the cycles, of course, being shorter since the time reqmred for their blood 
to reach the respiratory center is but half that found by Klein in Cheyne- 
Stokes respiration There are, besides, cases in ivhich the time of flow 
IS prolonged without bringing on Cheyne-Stokes respiration If a 
decreased rate of flow were, moreover, responsible for cyclic breathing, 
the method by which the cycles should disappear is bv becommg shorter 
and shorter This, however, is not the case in our studies When 
increased concentrations of carbon diovide were adrmmstered dunng 
Cheyne Stokes respiration, the cvcles remained of about the same length 
and their disappearance was occasioned by gradual decrease in the 
intensity of the mid point of the respiratory phase and by the gradual 
encroachment of this phase upon the phase of apnea When, on the 
other hand, oxygen was adrmmstered, the cycles attained twice the usual 
duration There is no evidence at hand, however, to show that the 
circulation brae is prolonged by oxygen Uhlenbruck also speaks of 
"Nachhinken” of the respiratory center as a result of local difhculbes in 
circulabon or in the diffusion of gases 

If, instead of assuming that the bme of arrival of blood at the respira- 
tory center and at the radial artery are simultaneous, various intervals 
of time are assumed and the resulbng relabons between the beginning 
of respiration and the concentrations of gases in the blood at the respira- 
tory center are examined, it becomes possible to disbnguish on a curve 
represenbng changing values of the sbmulus of the blood, which portion 
IS capable of arousing the respiratory center In these observabons at the 
beginning of the respiratory phase the blood in the radial artery was found 
to have a composibon represented on this curve by “a” (Figure 4) 
Should blood leaving the lungs at the same bme, and having the same 
composition, not arrive at the respiratory center until, for example, about 
15 seconds later, it would hare the same composibon as that obtained 
from the radial artery 15 seconds before the respiratory phase began, 
that IS to say, one similar to "6 , or, should the difference in bme be 
greater, a composition similar to ' c’ or ‘d" But these assumptions are 
all physiologically improbable since blood of lov, carbon dioxide concentra- 
bon having neak stimulating value, would then be assoaated with re 
spiratorv activity, while that of much greater concentrahon of carbon 
dioxide, with apnea On this calculation the arrival of blood of identical 
composition at the radial artery and at the respiratory center cannot differ 
by more than 10 or IS seconds 

Should blood from the capillanes of the lungs take, for example 
about IS seconds to reach the radial artery it would have at the beginning 
of respirabon the same composition as that obtained from the radial 
artery 15 seconds after respirabon began, that is to say a composition 
similar to ' 6' ’ (Figure 4) But this relation is likewise physiologicallv 
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..iip'oliihU 1 ( ( aii^c the Mood in the luntjs would thcnexluhit the clTctt^ 
of xintil.ition (d(rrta‘'C in content of carbon dioxide) iieforc respiration 
I< 4 in Such .1 ''itiiation is illustrated in I'ltiure 4 where ‘‘/i'” would 
n< < e "ariK re present the blood in the luntrs at the bccinninc; of the re^'pira- 
tnn, pha'-e if it took as long as 15 seconds to reach the radial artere 
1 lu inter\al of tunc cannot be greater than this in our obsereations 
1 roni the location of thc^e limits it becomes apparent that the x allies 
letuilK found to be associated with the onset of the respiratorx phase 
iu 111 the mid-7one of the portion of the cur\e which is capable of arousing 
the rc'-piratore center 



lie 4 ‘scniMXTic Rri'KESEXTATioN or Various Rflations or Tiir 
I i\ii or isTiMuius IN Tiir Blood (Concentration or Carbon Dioxinr;, 
fo Tiir I’liisrs 01 THE Che\ne-Stokes Cxcie 

1 he iiinc relations as draw n arc based on the composition of blood obtained 
Iroin the radial arter\ Imagine tlie respiratore cur\e shifted to tiic nglit so 
ihai the beginning of the respiratory phase falls at b', 13 seconds after a instead 
of It a in order to obtain the relation between blood in the capillaries of the 
lung' to the phases of respiration if the time of blood flow from lungs to radial 
arur\ were a^ great as 13 seconds or to the left to b, c or d, in order to obtain 
il e relation between blood in the respiratorx center and the phases of respira- 
tiiin if blood took IS, 25 or 32 seconds longer to reach the medulla than the 
r-'di il artcr^ 


SEMMARA 

B\ collecting a senes of samples in immediate succession and during 
the briefest periods consistent with securing amounts sufficient for 
inaKsis from the continuous stream of blood flowing from the radial 
arten it has bcjcn possible to anahze the influence of Cheyne-Stokes 
breathing on the concentration of the gases in the blood 

In the blood drawn from the radial artery, maximal oxxgen and 
minimal carbon dioxide concentrations occur during the end of the 
dx'pneic or lirst part of the apneic phase The minimal ON>gen and 
maximal carl on dioxide concentrations occur during the earlier part of 
the re'piraiorx pha'e At the beginning of actixe respiration, the gas 
conct ntration* he at about a mean xalue 
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part II 

observations on the effect of inhaling oxygen and carbon dioxide 

Oxygen lack of the respiratory center is often regarded as the cause of 
Cheyne St'okes breathing This condition is ascribed in some cases to a 
lack of oxygenation of the blood in the lungs, in others to anoxerma pro 
duced by undue slomng of the general or local circulation, and in still 
others to difficulty in the passage of blood in the respiratory center 
Opinions such as these are based on observations of Cheyne Stokes 
breathing in normal persons at great elevations above sea level, on 
Cheyne Stokes respiration brought about by the inhalation of gas mixtures 
low in oxygen and on clinical investigations of persons exhibiting the 
Cheyne Stokes syndrome The theory is supported, furthermore, by 
reports of improvement m condition following the administration of 
oxygen Several authors (7, 8) have descnbed cases in which Cheyne- 
Stokes respiration was brought to an end and regular breathing reestab 
lished by the inhalation of oxygen as well as by the inhalation of carbon 
dioxide Recently, Uhlenbruck (2) reported that the result with oxygen 
was transient, regular breathing occumng dunng the first few moments of 
administration only Because the theory of oxygen lack is important 
both in attempting to analyze the nature, and in the therapy of Cheyne 
Stokes respiration, its effect on the form of Cheyne-Stokes breathing was 
studied in detail 

The administration of oxygen was effected in some instances by in- 
haling from a mask connected through a rubber bag with an oxjgen tank, 
in others, by enclosing the patient in an oxj'gen tent. The most satis 
factory method was to place the patient in an oxygen chamber We 
place special emphasis on the long duration of observation which the 
last mentioned method permits Observations made when a mask is 
used are unsatisfactory because of increase in the dead space and the 
consequent possibility of rebreathing carbon dioxide, and also because of 
the danger of leak about the mask. Another objection results because 
patients sometimes change the type of breathing when a mask is applied 
to the face Records of respiration were made by a Marey tambour 
connected by tubing with two rubber bags held in place against the chest 
by a canvas belt The transmission was by air The lever of the tarn 
hour wrote m ink on glazed paper moved by a revolving drum The 
tracings were used only in calculating time relations, for volumetnc 
measurements they were useless To secure volume curves a Roth 
Benedict spirometer and mask were used The objections to this method 
are the same as those mentioned above A more senous objection due 
to ptogressne decrease in ox>gen content of the gas in the spirometer 
wa.s oiercome by increasing the total volume of the apparatus to about 
20 liters This large capacity w as obtained b> joining several large glass 
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1 dttU'- in '-era? in the rc-inratnrv circuit 0\\c:en Nariation*- under thc«e 
(cndition^ Wire than ^ pe-r cent 

Hi fore tile administratinn of o\\ cen. record'; w ere made of the patie nts 
HI room nr o\er a { cnod of se\eral hours In come patients Chenne- 
Stoki" hreatliimr persisted continuoush during this period, in others, 
It .dternated witli periods of regular respiration Transitions between 
the two were frequenlle observed in passing lietween the waking and the 
slitpmg state (Figures Sh and b) In slud\ing the effect of inhalation 
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lINtOLs HkFVTIIINC ON FaI LlNl XSLFCP 

In this figure as ■«c!i as in Figures 6, 7, 8, 9 and 12 the fracings have been 
rcdiutd to four-fifths of tlicir original size 


of owgen onK patients who were subject to continuous Chej ne-Stokes 
breathing were observed, except one in whom this type of breathing was 
present constantlv while he was awake 

Carbon dioxide was first administered to some patients in order to 
secure curves to be used in comparison with those obtained when oxygen 
was uccd Inhalation of 5 per cent carbon dioxide by mask stopped the 
i ccurrence of apneic phases after two minutes, onh the frequency of 
re'spiration then showed periodic variations As soon as carbon dioxide 
was withdrawn, Chev ne-Stokes respiration recurred No after effects 
-uegt'-ting exhaustion of the respiratorv center appeared In an experi- 
n int of long duration, carbon dioxide was administered in a gas-tight 
chaml er in which the gas could be slowiv increased and accurattiv 
anaUzeNl and in which the oxvgen content was maintained practicaliv 
con"! int B\ this rneans the details of the onset of continuous breathing 
were recordtxi A period of control is illustrated in Figure 6a When 
the carbon dioxide content reached one per cent, the respiratorv phase's 
I egan to increase in duration (Figure 66) while the apneic phases became 




Fir 6 Tracings of Changes in Form of Respiration Showing the Gradual Develo 
MEN^ OF Col^^ous breathing DURING THE INHALATION OF INCREASED AMOUNTS OF CaRBC 


Dioxide , . , 

Note the gradual encroachment of the dyspneic upon the apneic phase in b causing a disa 
pearance of the latter without change in the duration of the whole cycle 
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shorter and began indeed to disappear The length of an entire cycle did 
not, however, increase When the concentration reached approximately 
3 per cent (Figure 6c and d), the breathing was continuous and remained 
so throughout the whole period of admimstration lasting one and one-half 
hours On discontinumg the admmistration of carbon dioxide, the 
transition to Che3rne-Stoke3 breathmg took place The apneic phases 
were at first bnef, then grew longer, while the respiratory phases grew 
shorter (Figure 6e) No after effect suggestmg exhaustion of the respira- 
tory center was apparent even after this prolonged period of inhalation 
Once when oxygen was adnunistered for a short time by mask there 
was a sudden transition to continuous breathing after two minutes 
(Figure 7) On another day, using the same techmque, contmuous 
breathmg did not appear but the respiratory phase increased from 37 to 67 
seconds, while the durabon of apnea did not change appreaably The 
whole Cheyne-Stokes cycle, therefore, increased about 50 per cent A 
somewhat similar mcrease m another instance occurred when a mask 
fitted with one-way valves was used, and 80 per cent oxygen was inhaled 
from a large spirometer (Figure 8a) In this case a marked mcrease in 
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Fig 8 Tracings a and c Were Obtained Before and After, and 
4 During the Administration of 80 Per Cent Oxygen by Mask and 
Valve. 

The increase in the length of the whole cycle is well shown in "b" 
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the length of the respiratory phase and a decrease m the duration of 
apnea took place, the whole cycle increasing 75 per cent m length (Figure 
86) In the oxygen tent and chamber where the content of oxygen in 
the air breathed ranged from 40 to 55 per cent, somewhat similar results 
were obtained except that a decrease m the duration of apnea was never 
observed When duration of apnea changed, it always increased in 
length An mcrease m the length of the respiratory phase was always 
present (Figures 9, 10 and 11) 



Time in minutes 


Fig 10 Chart of the Change in Duration of Apnea anb Dyspnea 
During Increase in the Concentration of Oxygen Inhaled 

In one patient curves of the respiratory volume were obtained while 
the concentration of oxygen of the respued air was changed from 20 to 
33 per cent (Figure 12) The respuatory and apneic phases both in- 
creased as usual, while the respiratory volume per minute decreased about 
10 per cent, an amount just withm the limit of error of measurement. 
The total amount of air respired during one n hole cycle increased, how- 
ever, about 50 per cent. This result was due to mcrease m length of the 
respiratory phase as well as to increase in the volume of each mdividual 
respiration By modifying the cycles of his breathing a patient suffering 
from Cheyne-Stokes respiration may alter, without changing the volume 
of respued air, the composition of the gases in the blood It is impro bable 
therefore that measurement of the volume of the respired air would afford 
reliable information about the oxygen absorbed or the concentration of 
the gases in tjie blood 
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Fig II Chart of the Change in Duration of Apnea and Dyspnea 
During Increase in* the Concentration of Oxygen Inhaled 



Fig 12 Volumetric Tracing of Respiration (Benedict-Roth Modi- 
fied) (a) Before and (fc) During Inhalation of Increased Concentration 
OF Onvgen* 
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A senes of samples of artenal blood were examined dunng the ad- 
numstration of oxygen for companson with the results obtained when 
room air was respired Dunng its administration the vanations in con- 
centration of both oxygen and carbon dioxide in the blcxid were much 
less dunng a respiratory cycle In none of the samples did the content 
of oxygen fall below 90 per cent even though the cyclic form of breathing 
(hd not cease 


Discussion 

In the present study increase of carbon dioxide content of the atmos- 
phere to which patients, the subjects of Cheyne-Stokes breathing, were 
exposed, consistently brought about continuous respiration A similar 
result was not obtained by the administration of oxygen even if the 
concentration was increased up to 80 per cent 

With carbon choxide, the respiratory phase increased and the apneic 
phase decreased in length, so that the duration of the whole cycle remained 
unchanged With oxygen, on the other hand, the length of the respiratory 
phase increased while that of apnea remained the same or became even 
longer, so that the duration of the whole cycle was greatly prolonged 
That continuous breathing may follow the adrmnistration of high per- 
centage of oxygen when given by means of a mask may be due to factors 
suggested earlier m the paper as objections to this method of administra- 
tion It may be due, hon ever, to conditions inherent in the expenment 
which differ from those obtaining in the use of the oxygen tent or chamber, 
namely, the occnirrence of much greater cxmcentrations of oxygen or the 
abruptness of the change from atmosphenc to higher concentrations of 
oxygen Further investigations of the conditions of administration are 
necessary These observations do not, we thmk, permit the inference 
which has been drawn by others, that inhalation of increased concentra- 
tions of oxygen stops Cheyne-Stokes breathing It is possible, however, 
to confirm that part of the results of Uhlenbmck’s expenences which 
show that the form of Cheyne-Stokes respiration can be modified by a 
change m concentration of the gases which are inhaled It is impossible, 
therefore, to regard the penodiaty of Cheyne-Stokes breathing as an 
expression of the peculiar rhythm of the respiratory center alone since 
this penodiaty may be modified or even arrested by changing the com- 
position of the inhaled air 

That inhalation of percentages of carbon dioxide higher than normal 
bnngs about contmuous breathing is probably due to the fact that no 
matter how great the degree of dyspnea, the concentration of carbon 
dioxide in the alveolar air prevents the escape of carbon dioxide from the 
blood in sufficient quantities to allow the sbmulatang properties of the 
blood to fall below the threshold value for the respiratory center Ad- 
ministration of a concentration of carbon dioxide just suffiaent to occasion 
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continuous respiration might, therefore, constitute another measure of the 
imtabiliU of the respirators, center An analj'sis of the effect of breath- 
ing high percentages of ovsgen is more complicated because tuo factors 
arc insohed In the first place o\>gen lack is generall> regarded as a 
respiratory stimulus WTien more of this gas is made a\ailable, the 
strength of the stimulus, therefore, decreases, but the stimulating property 
of the blood may , ne\ ertheless, be increased as the result of oxygenation, 
since oxyhemoglobin de^elops stronger acid properties than hemoglobin 
(9, 10) The tA\o factors act in opposite directions For instance, by' 
eliminating oxygen lack, one might suppose that the apneic phase uould 
be prolonged, the respiratory' phase shortened, and the depth of ventila- 
tion decreased But by reason of the greater acid property of oxyhemo- 
globin, the effect of better oxy genation might be similar to that of breathing 
carbon dioxide in that it might result m an increase in the acidity of the 
blood Analy’sis of the nature of the mechanism is also complicated by the 
fact that every change m the relations of the phases of the Cheyne-Stokes 
cy cle occasions change m the carbon dioxide content of the blood Fur- 
ther studies of the behavior of the gases m the blood are necessary in the 
attempt to soh e this problem 

If the treatment of Chey'ne-Stokes respiration has as its object the 
restoration to normal of the concentrations of the gases m the blood, then 
bringing about continuous respiration need not of itself be regarded as 
impro-v ement, because continuous breathing alone does not necessarily 
mean that the ventilation is more nearly sufficient For example, two 
patients v ith Chey'ne-Stokes respiration were observed in whom the last 
stage of their disease nas accompanied by an increase in cyanosis, and 
return to continuous breathing at one and the same time If the object 
of treatment is to bang about continuous respiration, then inhalation of 
carbon dioxide in a chamber may be attempted, using the smallest con- 
centration necessary to assure this result To decrease the rhythmic 
recurrence of lack of oxygen, the effect of inhalation of oxygen in the 
chamber may' also be utilized as is sho^vn by the analysis of blood of 
patients %\ hile they are in the oxygen chamber 

SUJOIARy 

The influence on Chey'ne-Stokes respiration of breathing varied 
mixtures of carbon dioxide and air has been studied in periods both of 
short and of long duration 

Increase in concentration of carbon dioxide in the air inhaled prolongs 
the respiratory' phase, and decreases the apneic phase until continuous 
breathing appears 

Increase in the concentration of oxygen up to 80 per cent in the air 
inhaled prolongs the respiratory phase markedly The duration of 
apnea is sometimes increased, and sometimes remains constant Inhaling 
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oxygen m greater concentrations than that of air does not usually result 
in continuous breathing 
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